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INTRODUCTION 
Composite materials are a major restorative material 
used by dentists today. Esthetics is one main reason 
for the widespread use of these materials. Therefore 
the color stability of these materials is of prime 
importance if the profession and the public are to have 
continued acceptance of these materials for 
esthetically pleasing results. 
It has long been known that color changes occur in 
restorative resins in the oral cavity over a period of 
time. These color changes may be due to a variety of 
causes, but an accelerated test for color change of 
dental resins is often used. ANSI/ADA Specification 
No. 27 for direct filling resins uses a UV light source 
(RS 275 Watt Sun Lamp) for irradiation of the composite 
on a turntable which revolves at 33 rpm for 24 hours. 
1 
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This test provides only a subjective yes or no answer 
to whether a color change occurs which is visible to 
the naked eye. The test determines if there was more 
than a slight change in color (perceptible with 
difficulty) when the covered half of the specimen was 
compared to the uncovered half. The present 
specification may not provide the clinical dentist with 
the needed information to make critical choices in 
difficult esthetic situations. There are currently 
two major systems used for color analysis. They are the 
Munsell system and the International Commission on 
Illumination system. The Munsell system is based on 
hue, value, and chroma. The Munsell system is a visual 
comparison system. The International Commission on 
Illumination system (CIE) is based on tristimulus 
colorimetry. In this method the reflectance is 
converted into a set of data which defines the color. 
Since the ADA specification was first formulated, 
quantitative evaluations of color changes have been 
made using a colorimeter. Recent technological 
advances have brought down the cost and size of color 
analysis equipment. As compact, low cost tristimulus 
colorimetry becomes more accessible to the dentist in 
3 
future years, an improved base line of information 
needs to be developed so that the color analysis 
equipment can be put to practical use. Additional 
studies with this equipment can possibly lead to new 
and more 
stability 
sophisticated specifications for color 
that can benefit the dental material 
researcher and the clinician. 
The purpose of this study was to examine the color 
stability of anterior composites. Two light cured 
proprietary composites: Silux Plus (referred to as 
Silux in this thesis) and Herculite XR, and two self 
cure composites: Concise and Silar were studied. Color 
differences were determined between the following 
states. First was the initial cured state, and then 24 
hours after curing and storage in total darkness. Then 
the same samples were exposed to UV light for 7 days. 
Color readings were taken after 24 hours and 7 day UV 
exposure. These are critical time periods. It is in 
this period that possible color change will determine 
if critical color matches for esthetics are stable and 
provide the patient and the clinician with a high 
degree of color match satisfaction. 
REVIEW OF THE LITERATURE 
One of the physical properties of four acrylic resin 
materials examined by Kafalias, Swartz and Phillips 
(1963) was staining of the veneer resins. The 
specimens were stained with lipstick, methylene blue 
and cobalt sulfide. The resins were stained overnight 
in an aqueous solution of methylene blue. Cobalt 
sulfide was precipitated onto the surface of the resin 
by first immersing into a cobalt chloride solution and 
then into a solution of ammonium sulfide. Lipstick was 
applied by rubbing uniformly for one minute. The 
stains were placed on both polished and uniformly 
roughened surfaces. The Hunter Color Difference Meter 
was used to make the original color determinations. The 
teeth were also brushed at intervals of 1, 2, 15 and 30 
minutes with a slurry of 20 gm toothpaste in a 
mechanical tooth-brushing machine. Color measurements 
were taken after each of these periods. The specimens 
were also tested under ultraviolet light to determine 
their resistance to color change. The specimens were 
mounted 17.8 cm beneath an ultraviolet light source on 
4 
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an aluminum disk and rotated at 33 rpm for 24 hours. 
The color change was measured using the Hunter Color 
Difference Meter to detect grey, green-red and blue-
yellow colors in the samples. They were also compared 
visually with a control. Results indicated each resin 
retained one type of stain more readily than the other 
types of stains. In addition the rough surfaces always 
retained more stain than the polished surfaces. 
studies by Horsley {1967) and McDevitt and Armstrong 
(1969) show that natural teeth under ultraviolet light 
fluoresce bluish-white. 
A clinical fluorometer was used by Hall, Hefferen and 
Olsen (1970) to determine the fluorescence of extracted 
human teeth. The gingival area of the teeth was found 
more fluorescent than the incisal area. Maxillary and 
mandibular teeth were similar in their fluorescence. 
Gotfredson evaluated (1969) the physical properties of 
2 plastic filling materials, including the color 
matching and color stability of the materials. 
Specimens were dipped into 2 baths of 1% aqueous 
solution of methylene blue, one at 45 degrees C and one 
6 
at room temperature. Color stability was tested by 
exposing the materials to the radiation of a lamp. 
Both materials showed heavy discoloration which was 
only partially removed by brushing. Both polished and 
unpolished surfaces were similarly stained. 
Microscopic examination indicated the dye had not 
entered the body of the specimen. Polishing removed 
the stain from the previously polished surfaces. When 
air bubbles were present discoloration to the depth of 
.5 mm was found, but the areas were soft and able to be 
removed with an instrument. A yellow discoloration 
occurred when the samples were exposed to ultraviolet 
light for 24 hours. 
The color stability of amine accelerated methacrylate 
composites was studied by Bowen and Argentar (1971). 
The color stability varied greatly depending on which 
type of aromatic amine was used as an accelerator. 
Accelerators containing a 3,5-dimethyl-phenyl ring had 
more color stability than those with a 4-methyl-phenyl 
ring, and much more than those with an unsubstituted 
phenyl ring. N ,N-dimethyl-p-t-butylaniline, not 
previously used as an accelerator, yielded the greatest 
color stability of the accelerators studied. 
7 
A subsequent study (1972) of five tertiary amine 
accelerators by Bowen and Argentar found little 
variation in color or discoloration after exposure to a 
sunlamp for three of the amine accelerators. One 
accelerator resulted in a slight pinkish tint after 
sunlamp exposure. Another exhibited a yellow coloration 
in the specimens in which it was used which was not 
enhanced by sunlamp exposure. 
Liatukas (1972) completed a four year clinical 
evaluation of composite resin restorations in anterior 
teeth. All restorations exhibited a grayish or 
yellowish discoloration. 
Fusayama et al (1971) investigated the discoloration of 
acrylic resin fillings by oil of orange, an oil soluble 
organic dye. The resin specimens were produced by three 
methods: the brush on technique with and without tin 
foil, the pressure technique with foil and the flow 
technique. They were all stored 24 hours in distilled 
water at 37 degrees c. Some of the specimens were not 
reduced, others were stored in water 24 hours and then 
finished, and others were finished immediately after 
8 
removing the foil from the resin. After finishing with 
sandpaper, they were polished with pumice and then with 
a zinc oxide paste. The specimens were then immersed 
in a solution of oil of orange at 37 degrees C for 3 
months. The results of the test indicated that amine 
activated resins and sulfinic acid activated resins had 
little difference in their staining tendency. When 
surfaces were not reduced they were readily stained, 
whether or not foil was used to cover them after 
initial preparation. Specimens that were finished and 
polished 24 hours after original preparation did not 
stain. Staining occurred more readily in resins with 
inorganic fillers than those without fillers, even if 
finished and polished 24 hours after preparation and 
were heavily stained if finished and polished 
immediately after original preparation. 
Phillips et al (1973) gave the results of a three year 
study of amalgam and composite resin restorations which 
indicated that discolorations of composite restorations 
and their margins did not increase significantly from 
the previous 2 year, 1 year and base line observations 
of the restorations. 
9 
color was described (1972) by Sproull as three 
dimensional, the three dimensions being hue, value and 
chroma. He details how these dimensions can be 
measured using 
international 
the Munsell Color Order 
psycho-physical method 
System, an 
of color 
specification, as a system of choice for color matching 
in dentistry. Hue is the quality by which color 
families are distinguished from one another, value is 
the lightness/darkness dimension and chroma is the 
purity or strength dimension. 
Sproull later examined color matching (1973) as it 
applies to the development of an ideal dental shade 
guide incorporating the Munsell Color Order system. He 
recommended porcelain be developed to be coordinated 
with a Munsell type guide. 
Leinfelder et al (1975) evaluated the composite resins 
Adaptic, Blendant, Concise and DFR in anterior and 
posterior restorations to determine their clinical 
suitability. Discoloration was one 
was found to be superficial in 
aspect studied and 
all the anterior 
restorations, corrected by polishing with a slurry of 
pumice and water. In posterior restorations Adaptic 
10 
and Blendant had better color matching ability than 
concise and DFR. Blendant was more translucent with a 
yellow shade allowing for the best color matching. 
Concise, with the least color matching ability was more 
opaque and whiter than the other composite resins 
studied. 
A study by Joseph B. Dennison et al (1978) found that 
after evaluating the colors of seven composite resins, 
one unfilled resin, and three glazes that only three of 
the universal composite shades were within the 
acceptable values of natural teeth. He used Munsell 
color and spectrophotometric data to compare the colors 
of the composites. This would serve to show the 
importance of the ability of clinician to be able to 
match shades in the mouth and be confident that there 
will be no significant color changes after the initial 
setting of the light setting composite. 
An investigation was done by John M. Powers et al 
(1978) of seven commercial composite resins, an 
unfilled resin, and three glazes. The samples were 
tested after accelerated aging of 43 degrees c. and 90 
percent humidity. After 10 hours of accelerated aging 
there were significant visual changes 
composites and two glazes. He used 
spectrophotometry and the Munsell color 
evaluate the results. 
11 
in four 
reflection 
system to 
Gross and Moser (1977) used an 
Colorimeter to study coffee and tea 
IDL Color-Eye 
stains of four 
composite resins: Adaptic, Prestige, Addent XV and 
Smile. Specimens were prepared with both a mylar and a 
finished surface. They were placed in distilled water, 
a distilled water and coffee solution, and a distilled 
water and tea solution for ten days at 55 degrees c. 
Colorimeter readings were taken before and after 
staining. Coffee caused more stain than water. Coffee 
caused more staining than tea except for the finished 
surfaces of Prestige and Addent XV, where coffee and 
tea stains were similar. 
Moser et al (1978) used the IDL Color-Eye Colorimeter 
measurements gathered in the Gross and Moser study 
described above and converted these values to the 
Munsell system coordinates of hue, value and chroma. 
Little change in hue was found in the samples, with 
changes in value and chroma more significant. 
12 
color change has been reduced in proprietary composites 
because of the addition of UV-absorbers to the 
composites. Eric Asmussen {1981) evaluated the color 
stability of 15 composite restorative resins. A Hunter 
lab 025-A colorimeter was used to measure the color of 
the samples prior to staining. They were stored for one 
year in demineralized water baths at 37, so, 60 or 70 
degrees c. Specimens were not exposed to light sources 
during storage but air was allowed to enter through a 
hole in the stopper of the container. Each month the 
teeth were brushed, wiped dry and the color measured. 
Over the time period the samples darkened and became 
move reddish and more yellowish. He found that color 
change was dependent on the time and the temperature of 
the storage bath as well as the brand of the composite. 
Results showed staining at 60 degrees c for one month 
was well correlated to stain at 37 degrees c after one 
year. 
In 1983 Asmussen reported on the factors affecting the 
color stability of restorative resins using the Hunter 
025-A colorimeter. The change in color after immersion 
in water was dependent on the amount of amine, benzoyl 
13 
peroxide and inhibitor in the resin. Materials which 
were activated by light were more stable than those 
which were chemically activated. The pH of the water 
did not affect color change, but when oxygen was 
removed from the water the samples were stored in the 
staining decreased. The ultraviolet light color 
stability tests did not correlate with the water 
storage test. 
Cook and Chong (1985) did a study that showed a good 
correlation between visual perception of color changes 
and spectrophotometric difference. They noted that the 
photo-cured materials exhibited either a rapid color 
change or a maximum around five to ten minutes. They 
thought that this possibly arises from the bleaching of 
residual photosensi tizer in the photo-cured composite 
resins. 
METHODS AND MATERIALS 
Four commercially available restorative composites were 
selected: Concise (3M Co., Saint Paul, MN.), a self-
cured, BIS-GMA composite (Lot No.: paste A - 7AH1R, 
paste B - 8AK2); Silar (3M Co., Saint Paul, MN.), a 
self cured, BIS-GMA microfil composite (Lot No.: paste 
A-8E2, paste B-8F3; Silux Plus (3M Co., Saint Paul, 
MN.) I a light cured, BIS-GMA colloidal silica 
microfilled composite (Lot No.: 8F3); and Herculite XR 
(Kerr Manufacturing Co., Romulus, MI), a light cured 
bimodally filled hybrid composite (Lot No. : 8 1012) . 
The universal shade of each brand was used. Note that 
Silux Plus will be referred to as Silux in this thesis. 
Thirty disc shaped specimens, 20 mm in diameter and 1 
mm thick, were prepared for each composite brand. For 
the self curing composites, equal weights of base and 
catalyst pastes were mixed according to the 
manufacturers' instructions. Specimens were prepared 
in a stainless steel mold between thin sheets of 
polyethylene. Glass plates were positioned below and 
14 
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above the assembly and held in place by spring clips. 
The mold space was slightly overfilled with composite, 
then reduced to a thickness of 1 mm by compressing the 
material between the glass plates. The Optilux visible 
light curing unit (Demetron Research Corporation, 5 Ye 
Olde Road, Danbury, CT. 06810) was used with the light 
activated composite. The light source was moved to 
provide a uniform light exposure of one minute on each 
side of the composite. This cured the composite before 
the specimen was removed from the mold. After the 
specimen was removed from the mold it was checked to be 
sure that it was of correct dimensions and free of 
voids or defects. The samples were indexed by using a 
small file to notch the edge of each sample at an angle 
of 45 degrees. This allows the sample to be indexed to 
the proper side and orientation to be tested on the 
Minolta Chroma Meter II Reflectance instrument (Minolta 
Camera Co., LTD. 30, 2-Chome, Azuchi-Machi, Higashi-Ku, 
Osaka 541, Japan). This is done by the use of a small 
clear plastic jig that has a mark to index the sample. 
The same flat black background was used behind each 
sample so that the color reading of each sample did not 
have reflectance from the background. The black 
16 
background has color readings of Y=4.6 x=0.308 y=0.310, 
L*=25.5 a*=0.7 b*=-0.9, Delta E*=98.4. 
Before using the Chroma Meter II Reflectance 
instrument, it was calibrated using the standard-white 
reflector plate included with the meter (Y=87.7, 
x=0.311, and y=0.315). The Minolta Chroma Meter II 
Reflectance instrument was used to initially measure 
the color of all the samples after curing. 
During the first 24 hours after curing the composite 
samples were stored in total darkness. The Minolta 
Chroma Meter II Reflectance instrument was used to 
measure any color change of the samples. 
The same samples were then exposed to UV radiation 
generated from a Sylvania RSM 275 Watt Sun lamp (UV 
light). The UV output from the Color Stability Test 
Apparatus was calibrated using a Blak-Ray Ultraviolet 
Meter (J-221 Long Wave UV Meter, Serial No. 24535, 
Ultra-Violet Products, Inc., San Gabriel, California,). 
The meter allows the measurement of the total output of 
both UV and IR light from the Sylvania RSM 275 Watt Sun 
Lamp with the use of a UV filter on the meter, the IR 
17 
output is determined. By subtracting the IR output 
from the total output of both UV and IR light, the 
total UV output from the lamp can be obtained. By 
raising or lowering the lamp inside The Color Stability 
Test Apparatus the UV output on the composite samples 
is adjusted to 1700 micro W/cm2 plus or minus 100. 
This measurement of UV light output and needed 
adjustment of the lamp height was done before each UV 
testing period of each material. After each sample 
exposure, the UV output was again measured. The 
samples were revolved on the turntable at 33 
revolutions per minute. The samples were maintained at 
approximately 37 degrees c by the use of an enclosure 
cooled by a fan. The Minolta Chroma Meter II 
Reflectance instrument were used to analyze the color 
of all the samples 24 hours and 7 days after the 
samples were first exposed to the UV light. Thirty 
samples of each composite brand were run. 
The Minolta Chroma Meter II Reflectance instrument 
results were tested for repeatability by measuring the 
same composite sample ten times. For measurements 
using the Yxy scale, the following means and standard 
deviations were obtained: Y=35.100 standard 
18 
oeviation(S.D.)=o.ooo, x=0.328 (S.D.=O.OOO), y=0.343 
(S.D.=0.000). The means and standard deviation for the 
L*a*b* scale were L*=65.800 (S.D.=0.000), a*=-3.120 
(S.D.=0.042), b*=9.690 (S.D.=0.032). Using the Delta 
E* scale, a mean and standard deviation of Delta 
E*=57.820 (S.D.=0.042) was measured. 
This Minolta Chroma Meter II Reflectance instrument is 
a compact, relatively low cost, tristimulus color 
analyzer for measuring reflected subject color. The 
Chroma Meter II measuring area is 8 mm in diameter, 
which will allow measurement of the above prepared 
samples. 
Color difference was analyzed using two color scales 
within the Commission Internationale de L'Eclairage 
(CIE) System: 
1) CIE 1931 color space: Yxy values were recorded. Y 
is luminosity [scale from o (absolute black) to 100 
(perfect white)]; x,y are the chromaticity coordinates. 
Dominant wavelength and excitation purity were 
determined from the chromaticity coordinates. 
2) CIE 1976 L*a*b* uniform color space: L*a*b* and 
Delta E(ab) * values were recorded. The total color 
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difference, Delta E(ab)*, is dependent on the Delta L*, 
Delta a*, and Delta b* values between two colors. The 
general meaning of these terms are: Delta L*, positive 
value indicates the samples is lighter, negative value 
indicates the sample is darker; Delta a*, positive 
value indicates the sample is redder, negative value 
indicates the sample is greener; Del ta b*, positive 
value indicates the sample is more yellow, negative 
value indicates the sample is bluer. These data were 
used to determine hue angle, h(ab); chroma, C(ab)*, and 
the hue difference, Delta H(ab)*. These values 
describe the relative contribution of different factors 
to the total color difference. 
The color changes at the various time periods were 
compared. Statistical comparisons were made between 
the color changes of the self cure and the light cured 
composites. The means of the color deviation, Delta 
(L* a* b*) , in the comparisons were analyzed 
statistically by Tukey's test 
differences for each of the groups. 
set at the 0.01 alpha level. 
for significant 
Significance was 
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An additional 3 samples of each of the four composites 
(Concise, Silar, Silux, and Herculite XR) were prepared 
and tested using ADA Specification # 27, test procedure 
4.3.6 color stability. This test provides only a yes 
or no answer to whether there was a color change 
visible to the naked eye. The test determines if there 
is more than a slight change in color (perceptible with 
difficulty) when the covered half of the specimen is 
compared to the uncovered half. The samples were 
tested at the same time periods. First 24 hours after 
being cured and placed in total darkness and then after 
an additional 24 hours, and then 7 days exposure to UV 
light. 
RESULTS 
Herculite XR L*, a*, and b* color changes 
Table 1 shows the results of the thirty individual 
values of the Herculite XR "L*" results at the initial 
time period. Table 2, Table 3, and Table 4 show the 
thirty individual values of the Herculite XR "L*" for 
the one day darkness, one day UV light, and seven days 
UV light respectively. Table 5 shows "L*" has a mean 
(of the thirty samples) value at the initial time 
period of 65. 77 with a standard deviation (S. D.) of 
0.593. After one day in darkness the mean value of 
"L*" was 65.793 (S.D.=0.615). At the end of one day 
(24 hours) of UV light the "L*" value was 65.167 
(S.D.=0.614). Finally at the end of seven days (168 
hours) the value of "L*" was 64.607 (S.D.=0.769). 
Using Tukey's test for significance at the P=.01 
confidence level (Table 5) the initial and one day of 
darkness, were not found to be significantly different. 
The "L*" value at the end of one day of UV light was 
found to be significantly less than the initial and one 
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day in darkness values. The "L*" value at the end of 
seven days was found to be significantly less than the 
initial, one day in darkness, and one day in UV light 
values. 
Table 1, Table 2, Table 3, and Table 4 show the thirty 
individual values of the Herculite XR "a*" for the 
initial, one day darkness, one day UV light, and seven 
days UV light respectively. Table 5 shows a initial 
time period mean (of the thirty samples) of "a*" at a 
value of -2.337 (S.D.=0.171). After one day in 
darkness the mean value of "a*" was -2.637 
(S.D.=0.251). At the end of one day (24 hours) of UV 
light the "a*" value was -2.207 (S.D.=0.146). Finally 
at the end of seven days (168 hours) the value of "a*" 
was -2.963 (S.D.=0.253). Using Tukey's test for 
significance at the P=. 01 confidence level (Table 5) 
the initial and one day of UV light, were not found to 
be significantly different. The "a*" value at the end 
of one day of darkness was found to be significantly 
more than the initial and one day in UV light values. 
The "a*" value at the end of seven days was found to be 
significantly more than the initial, one day in 
darkness, one day in UV light values. 
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Table 1, Table 2, Table 3, and Table 4 show the thirty 
individual values of the Herculite XR "b*" for the 
initial, the one day darkness, one day UV light, and 
seven days UV light respectively. Table 5 shows a 
initial time period mean (of the thirty samples) of 
"b*" at a value of 10.433 (S.D.=0.562). After one day 
in darkness the mean value of "b*" was 10. 303 
(S.D.=0.581). At the end of one day (24 hours) of UV 
light the "b*" value was 10.130 (S.D.=0.370). Finally 
at the end of seven days (168 hours) the value of "b*" 
was 14.247 (S.D.=1.030). Using Tukey's test for 
significance at the P=. 01 confidence level (Table 5) 
the initial, one day of darkness, and the one day of UV 
light were not found to be significantly different. 
The "b*" value at the end of seven day of UV light was 
found to be significantly more than the other values. 
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Herculite XR Hue, Chroma, and b* vs a* 
The mean hue angles, h(ab)*, of the Herculite XR 
specimens are given in Table 5. The values are 102.633 
(S.D.=0.808), 104.356 (S.D.=1.114), 102.303 
(S.D.=0.913), and 101.783 (S.D.=1.076) degrees for 
initial, one day darkness, one day UV light, and seven 
days UV light respectively. Table 1, Table 2, Table 3, 
and Table 4 show the minimum and maximum values for the 
hue angles, h(ab)*. 
102.64 to 106.60, 
The ranges are 101.10 to 104.04, 
100.78 to 104.04, and 100.01 to 
103.84 degrees for initial, one day darkness, one day 
UV light, and seven days UV light respectively. Using 
Tukey's test for significance at the P=.01 confidence 
level the initial and one day of UV light were not 
found to be significantly different. Also there was no 
significant difference between one and seven days of UV 
light. The mean hue angle value at the end of one day 
of darkness was found to be significantly more than the 
other values. 
The graph (Figure 1) of b* vs a* for Herculite XR shows 
the initial, one day in darkness, and one day in UV 
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light are closely grouped with the initial and one day 
UV light being about equal. The dark one day specimens 
were slightly more greenish and the seven day UV 
exposure being more yellowish. 
The Hercul i te XR chroma values, C (ab) *, are shown in 
Table 5. Chroma values are 10.693 (S.D.=0.558), 10.637 
(S.D.=0.587), 10.369 (S.D.=0.354), and 14.548 
(S.D.=1.020) for initial, one day darkness, one day UV 
light, and seven days UV light respectively. Table 1, 
Table 2, Table 3, and Table 4 show the minimum and 
maximum chroma, C(ab)*, values. The ranges are 9.56 to 
11.57, 9.66 to 11.74, 9.41 to 11.12, and 10.39 to 15.95 
for initial, one day darkness, one day UV light, and 
seven days UV light respectively. Using Tukey's test 
for significance at the P=. 01 confidence level the 
initial, one day of darkness, and the one day of UV 
light were not found to be significantly different. 
The chroma value at the end of seven days of UV 
exposure was found to be significantly more than the 
other values. 
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Herculite XR Delta E* 
The initial "Delta E*" mean (of the thirty samples) was 
of 58.003 (S.D.=0.539). After one day in darkness the 
mean value of "Del ta E*" was 57. 883 (S. D. =O. 616) . At 
the end of one day (24 hours) of UV light exposure the 
"Delta E*" value was 58.650 (S.D.=0.532). Finally at 
the end of seven days (168 hours) the value of "Delta 
E*" was 58.137 (S.D.=0.729). Using Tukey's test for 
significance at the P=.01 confidence level the critical 
range for pairs of means was 0.501. The initial, one 
day of darkness, and seven days of UV light exposure 
were not found to be significantly different. The 
"Delta E*" value at the end of one day of UV light was 
found to be significantly greater than the other 
values. 
Herculite XR Y value, and Chromaticity (x,y) 
Table 6, Table 7, Table 8, and Table 9 show the thirty 
individual values of the Herculite XR "Y" for the 
initial, one day darkness, one day UV light, and seven 
days UV light respectively. The initial time period 
mean (of the thirty samples) of "Y" was a value of 
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35.133 (S.D.=0.756). After one day in darkness the 
mean value of "Y" was 35.123 (S.D.=0.840). At the end 
of one day (24 hours) of UV light the "Y" value was 
34.347 (S.D.=0.769). Finally at the end of seven days 
(168 hours) the value of "Y" was 33.657 (S.D.=0.951). 
using Tukey's test for significance at the P=.01 
confidence level the critical range for pairs of means 
was o. 684. The initial and one day of darkness were 
not found to be significantly different. The "Y" value 
at the end of one day of UV light was found to be 
significantly less than initial and one day darkness 
values. The "Y" value at the end of seven day of UV 
light was found to be significantly less than the other 
values. 
The chromaticity (x,y) of Herculite XR is shown in the 
graph (Figure 2). Figure 3, Figure 4, Figure 5, and 
Figure 6 show the individual points (x,y) that make up 
the means in Figure 2. The graph, Figure 2, shows no 
difference between the mean chromaticity of the initial 
and one day of UV light reading at (0.331,0.344). 
After one day of darkness the mean value of 0.331,0.345 
has the same x value but a greater y value, so the 
chromaticity moves in a straight positive y direction 
toward the color of yellowish green. 
of UV light the mean chromaticity 
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After seven days 
of 0.340,0.456 
increased in both the x and y coordinates toward the 
color of yellowish green. 
Herculite XR Dominant Wavelength and Excitation Purity 
The graphs for Herculite XR initial (Figure 3), one day 
in darkness (Figure 4), one day in UV light (Figure 5), 
and seven days in UV light (Figure 6) show the grouping 
of the thirty individual (x,y) sample points. Note 
that some samples values are identical so there are 
less than thirty points shown on the graphs. The 
initial measurements (Table 6) show a mean dominant 
wavelength of 573.6 nm (S.D=0.4) with a minimum to 
maximum range of 572. 7 to 574. o nm. The dominant 
wavelength is in the greenish yellow color range. The 
initial values (Table 6) show a mean excitation purity 
of 13.2% (S.D=0.7) with a range of 12.0 to 14.4%. 
These values were obtained using chromaticity chart No. 
12A from the The Handbook of Colorimetry by Authur c. 
Hardy (1936). The one day darkness results (Table 7) 
show a mean dominant wavelength of 573.1 nm (S.D=0.4) 
with a range of 572. 4 to 573. 9 nm. The dominant 
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wavelength is in the greenish yellow color range. The 
one day darkness 
purity of 13. o % 
14 . 2 % . The one 
(Table 7) shows a mean excitation 
(S.D.=0.7) with a range of 11.6 to 
day UV light data (Table 8) show a 
mean dominant wavelength of 573.7 nm (S.D=0.4) with a 
range of 573.0 to 574.2 nm. The dominant wavelength is 
in the greenish yellow color range. The one day UV 
light results (Table 8) show a mean excitation purity 
of 13.0% (S.D.=0.6) with a range of 11.6 to 14.1%. The 
seven day UV light data (Table 9) show a mean dominant 
wavelength of 573.8 nm (S.D=0.3) with a range of 573.l 
to 574.6 nm. The dominant wavelength is in the 
greenish yellow color range. The seven day UV light 
results (Table 9) show a mean excitation purity of 
18.6% (S.D.=1.3) with a range of 13.0 to 20.3%. 
Herculite XR calculated Delta E* 
The calculated Delta E* between two time periods is 
obtained from the mean values of L*, a*, and b* by 
using the equation of Delta E(ab)* =[(Delta L*) 2+ 
(Delta a*) 2+(Delta b*)2]1/2 . 
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The equation Delta E(ab)* =[(Delta L*) 2+(Delta C(ab)*) 2 
+(Delta H(ab)*) 2 ] 1/ 2 shows the relative contributions 
of lightness difference Delta L*, chroma difference 
Del ta C (ab) *, and hue difference Del ta H (ab) * to the 
total color difference Delta E(ab)*. 
Table 10 shows the Herculite XR calculated value of 
Delta E* as being 0.328 using the time period from 
initial to one day darkness. This Del ta E* value is 
calculated from the values of Delta L* at -0.023, Delta 
C(ab)* at 0.056, and Delta H(ab)* at 0.322. 
The Delta E* value, using the time period from initial 
to one day UV light, for Herculite XR is 0.687. This 
Delta E* value is calculated from the values of Delta 
L* at 0.603, Delta C(ab)* at 0.324, and Delta H(ab)* at 
0.058 
The Delta E* value, using the time period from initial 
to seven days UV light, for Herculite XR is 4. 036. 
This Del ta E* value is calculated from the values of 
Delta L* at 1.163, Delta C(ab)* at -3.855, and Delta 
H(ab)* at 0.275 
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Silux L*, a*, and b* color changes 
Table 11 shows the results of the thirty individual 
values of the Silux "L*" results at the initial time 
period. Table 12, Table 13, and Table 14 show the 
thirty individual values of the Silux "L*" for the one 
day darkness, one day UV light, and seven days UV light 
respectively. Table 15 shows "L*" has a mean (of the 
thirty samples) value at the initial time period of 
67.190 with a standard deviation (S.D.) of 0.324. 
After one day in darkness the mean value of "L*" was 
67.300 (S.D.=0.352). At the end of one day (24 hours) 
of UV light the "L*" value was 66.720 (S.D.=0.358). 
Finally at the end of seven days (168 hours) the value 
of "L*" was 65.563 (S.D.=0.280). Using Tukey's test 
for significance at the P=.01 confidence level (Table 
15) the initial and one day of darkness, were not found 
to be significantly different. The "L*" value at the 
end of one day of UV light was found to be 
significantly less than the initial and one day in 
darkness values. The "L*" value at the end of seven 
days was found to be significantly less than the 
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initial, one day in darkness, and one day in UV light 
values. 
Table 11, Table 12, Table 13, and Table 14 show the 
thirty individual values of the Silux "a*" for the 
initial, one day darkness, one day UV light, and seven 
days UV light respectively. Table 15 shows a initial 
time period mean (of the thirty samples) of "a*" at a 
value of -4.553 (S.D.=0.155). After one day in 
darkness the mean value of "a*" was -5.103 
(S.D.=0.254). At the end of one day (24 hours) of UV 
light the "a*" value was -4.920 (S.D.=0.280). Finally 
at the end of seven days (168 hours) the value of "a*" 
was -5.007 (S.D.=0.189). Using Tukey's test for 
significance at the P=.01 confidence level (Table 15) 
the initial was found to be significantly different 
(less negative) than one day darkness, one day UV 
light, and seven days UV light. One day darkness, one 
day UV light, and seven days UV light were not found to 
be significantly different. 
Table 11, Table 12, Table 13, and Table 14 show the 
thirty individual values of the Silux "b*" for the 
initial, the one day darkness, one day UV light, and 
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seven days UV light respectively. Table 15 shows a 
initial time period mean (of the thirty samples) of 
"b*" at a value of 11.737 (S.D.=0.674). After one day 
in darkness the mean value of "b*" was 12.180 
(S.D.=0.714). At the end of one day (24 hours) of UV 
light the "b*" value was 11.503 (S.D.=0.475). Finally 
at the end of seven days (168 hours) the value of "b*" 
was 14.063 (S.D.=0.503). Using Tukey's test for 
significance at the P=. 01 confidence level (Table 15) 
the initial and one day of darkness values were not 
found to be significantly different. Also the initial 
and one day UV light were not found to be significantly 
different. The "b*" value at the end of seven day of 
UV light was found to be significantly more than the 
other values. 
Silux Hue, Chroma, and b* vs a* 
The mean hue angles, h(ab)*, of the Silux specimens are 
given in Table 15. The values are 111. 250 
(S.D.=1.220), 112.760 (S.D.=1.120), 113.170 
(S.D.=1.440), and 109.610 (S.D.=0.940) degrees for 
initial, one day darkness, one day UV light, and seven 
days UV light respectively. Table 11, Table 12, Table 
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13, and Table 14 show the minimum and maximum values 
for the hue angles, h(ab)*. The ranges are 109.01 to 
113.46, 110.46 to 114.90, 108.90 to 115.93, and 107.86 
to 111. 07 degrees for initial, one day darkness, one 
day UV light, and seven days UV light respectively. 
Using Tukey's test for significance at the P=.01 
confidence level the one day darkness and one day of UV 
light were not found to be significantly different. 
The initial value was significantly more than the one 
day darkness and one day UV light. The seven days UV 
light value was significantly less than the one day 
darkness and one day UV light. 
The graph (Figure 7) of b* VS a* for Silux shows the 
one day in darkness and one day in UV light are closely 
grouped with the initial being more yellowish and the 
seven days UV exposure specimens were more yellowish. 
The Silux chroma values, C(ab)*, are shown in Table 15. 
Chroma values are 12.590 (S.D.=0.630), 13.210 
(S.D.=0.700), 12.520 (S.D.=0.440), and 14.920 
(S.D.=0.490) for initial, one day darkness, one day UV 
light, and seven days UV light respectively. Table 11, 
Table 12, Table 13, and Table 14 show the minimum and 
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maximum chroma, C(ab)*, values. The ranges are 11.16 
to 13.70, 11.56 to 14.47, 11.73 to 13.33, and 13.92 to 
15.81 for initial, one day darkness, one day UV light, 
and seven days UV light respectively. Using Tukey's 
test for significance at the P=.01 confidence level the 
critical range for pairs of means was o. 314. The 
initial and one day of UV light were not found to be 
significantly different. The value at the end of one 
day darkness was significantly greater than the initial 
and one day UV light values. The chroma value at the 
end of seven days of UV exposure was found to be 
significantly more than the other values. 
Silux Delta E* 
The initial "Delta E*" mean showed a initial mean (of 
the thirty samples) was 55.583 (S.D.=0.366). After one 
day in darkness the mean value of "Delta E*" was 55.187 
(S.D.=0.431). At the end of one day (24 hours) of UV 
light exposure the "Del ta E*" value was 55. 903 
(S.D.=0.418). Finally at the end of seven days (168 
hours) the value of "Delta E*" was 56.477 (S.D.=0.297). 
Using Tukey's test for significance at the P=.01 
confidence level the initial, one day of darkness, one 
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day UV light, and seven days of UV light exposure were 
all found to be significantly different. The lowest 
"Delta E*" value was one day darkness. Delta E* 
initial was greater followed by one day UV light, and 
the seven days UV light being the greatest value. 
Silux Y value, and Chromaticity (x,y) 
Table 16, Table 17, Table 18, and Table 19 show the 
thirty individual values of the Silux "Y" for the 
initial, one day darkness, one day UV light, and seven 
days UV light respectively. The initial time period 
mean (of the thirty samples) of "Y" was value of 36.993 
(S.D.=0.443). After one day in darkness the mean value 
of "Y" was 37.147 (S.D.=0.472). At the end of one day 
(24 hours) of UV light the "Y" value was 36.370 
(S.D.=0.485). Finally at the end of seven days (168 
hours) the value of "Y" was 34.877 (S.D.=0.364). Using 
Tukey's test for significance at the P=.01 confidence 
level the critical range for pairs of means was 0.365. 
The initial and one day of darkness were not found to 
be significantly different. The "Y" value at the end 
of one day of UV light was found to be significantly 
less than initial and one day darkness values. The "Y" 
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value at the end of seven day of UV light was found to 
be significantly less than the other values. 
The chromaticity (x, y) of Silux is and shown in the 
graph (Figure 8). Figure 9, Figure 10, Figure 11, and 
Figure 12 show the individual points (x,y) that make up 
the means in Figure 8. The graph, Figure 8, shows the 
mean chromaticity of the initial 0.330,0.350 and one 
day of darkness reading at 0.330,0.351, a move toward 
yellow green. After one day of UV light the mean value 
of O. 329, O. 350 a move toward bluish green from the 
initial. After seven days of UV light the mean 
chromaticity of 0.335,0.356 a move toward yellow green 
from the initial. 
Silux Dominant Wavelength and Excitation Purity 
The graphs for Silux initial (Figure 9), one day in 
darkness (Figure 10), one day in UV light (Figure 11), 
and seven days in UV light (Figure 12) show the 
grouping of the thirty individual (x,y) sample points. 
Note that some samples values are identical so there 
are less than thirty points shown on the graphs. The 
initial measurements (Table 16) show a mean dominant 
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wavelength of 570.7 nm (S.D=0.6) with a minimum to 
maximum range of 569. 9 to 571. 8 nm. The dominant 
wavelength is in the greenish yellow color range. The 
initial values (Table 16) show a mean excitation purity 
of 14.2% (S.D=0.9) with a range of 12.3 to 15.8%. The 
one day darkness results (Table 17) show a mean 
dominant wavelength of 570.0 nm (S.D=0.5) with a range 
of 569.1 to 571.0 nm. The dominant wavelength is in 
the greenish yellow color range. The one day darkness 
(Table 17) shows a mean excitation purity of 14.7% 
(S.D.=0.8) with a range of 12.4 to 16.0 %. The one day 
UV light data (Table 18) show a mean dominant 
wavelength of 570.0 nm (S.D=0.5) with a range of 569.0 
to 571.2 nm. The dominant wavelength is in the 
greenish yellow color range. The one day UV light 
results (Table 18) show a mean excitation purity of 
14.0% (S.D.=0.6) with a range of 12.9 to 15.2%. The 
seven day UV light data (Table 19) show a mean dominant 
wavelength of 571.5 nm (S.D=l.9) with a range of 569.0 
to 581.0 nm. The dominant wavelength is in the 
greenish yellow color range. The seven day UV light 
results (Table 19) shows a mean excitation purity of 
17.4% (S.D.=1.3) with a range of 11.4 to 18.7%. 
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Silux calculated Delta E* 
Table 20 shows the Silux calculated value of Delta E* 
as being O. 715 using the time period from initial to 
one day darkness. This Del ta E* value is calculated 
from the values of Delta L* at -0.110, Delta C(ab)* at 
-0.620, and Delta H(ab)* at 0.339. 
The Delta E* value, using the time period from initial 
to one day UV light, for Silux is 0.641. This Delta E* 
value is calculated from the values of Delta L* at 
0.470, Delta C(ab)* at 0.070, and Delta H(ab)* at 0.430 
The Delta E* value, using the time period from initial 
to seven days UV light, for Silux is 2.875. This Delta 
E* value is calculated from the values of Delta L* at 
1.627, Delta C(ab)* at -2.330, and Delta H(ab)* at 
0.435 
Silar L*, a*, and b* color changes 
Table 21 shows the results of the thirty individual 
values of the Silar "L*" results at the initial time 
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period. Table 22, Table 23, and Table 24 show the 
thirty individual values of the Silar "L*" for the one 
day darkness, one day UV light, and seven days UV light 
respectively. Table 25 shows "L*" has a mean (of the 
thirty samples) value at the initial time period of 
70.207 with a standard deviation (S.D.) of 0.472. 
After one day in darkness the mean value of "L*" was 
70.260 (S.D.=0.445). At the end of one day (24 hours) 
of UV light the "L*" value was 68.983 (S.D.=0.486). 
Finally at the end of seven days (168 hours) the value 
of "L*" was 67.293 (S.D.=0.380). Using Tukey's test 
for significance at the P=.01 confidence level (Table 
25) the initial and one day of darkness, were not found 
to be significantly different. The "L*" value at the 
end of one day of UV light was found to be 
significantly less than the initial and one day in 
darkness values. The "L*" value at the end of seven 
days was found to be significantly less than the 
initial, one day in darkness, and one day in UV light 
values. 
Table 21, Table 22, Table 23, and Table 24 show the 
thirty individual values of the Silar "a*" for the 
initial, one day darkness, one day UV light, and seven 
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days UV light respectively. Table 25 shows a initial 
time period mean (of the thirty samples) of "a*" at a 
value of -3.257 (S.D.=0.130). After one day in 
darkness the 
(S.D.=0.142). 
mean value of "a*" was -3.233 
At the end of one day (24 hours) of UV 
light the "a*" value was -4. 250 (S. D. =O. 246) • Finally 
at the end of seven days (168 hours) the value of "a*" 
was -4.420 (S.D.=0.201). Using Tukey's test for 
significance at the P=.01 confidence level (Table 25) 
the initial and one day of darkness, were not found to 
be significantly different. The "a*" value at the end 
of one day of UV light was found to be significantly 
more than the initial and one day in darkness values. 
The "a*" value at the end of seven days was found to be 
significantly more than the initial, one day in 
darkness, and one day in UV light values. 
Table 21, Table 22, Table 23, and Table 24 show the 
thirty individual values of the Silar "b*" for the 
initial, the one day darkness, one day UV light, and 
seven days UV light respectively. Table 25 shows a 
initial time period mean (of the thirty samples) of 
"b*" at a value of 2.610 (S.D.=0.499). After one day 
in darkness the mean value of "b*" was 3. 007 
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(S.D.=0.554). At the end of one day (24 hours) of UV 
light the "b*" value was 6.347 (S.D.=0.859). Finally 
at the end of seven days (168 hours) the value of "b*" 
was 11.907 (S.D.=0.501). Using Tukey's test for 
significance at the P=.01 confidence level (Table 25) 
the initial and one day of darkness, were not found to 
be significantly different. The "b*" value at the end 
of one day of UV light was found to be significantly 
more than the initial and one day in darkness values. 
The "b*" value at the end of seven days was found to be 
significantly more than the initial, one day in 
darkness, and one day in UV light values. 
Silar Hue, Chroma, and b* vs a* 
The mean hue angles, h(ab)*, of the Silar specimens are 
given in Table 25. The values are 141. 640 
(S.D.=5.120), 137.460 (S.D.=4.580), 124.110 
(S.D.=3.220), and 110.390 (S.D.=1.180) degrees for 
initial, one day darkness, one day UV light, and seven 
days UV light respectively. Table 21, Table 22, Table 
23, and Table 24 show the minimum and maximum values 
for the hue angles, h(ab)*. The ranges are 125.27 to 
151.39, 121.29 to 145.49, 116.85 to 136.74, and 107.13 
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to 112. 81 degrees for initial, one day darkness, one 
day UV light, and seven days UV light respectively. 
Using Tukey's test for significance at the P=.01 
confidence level the one day darkness was found to be 
significantly less than the initial. The one day UV 
light was found significantly less than the one day 
darkness. The seven days UV 1 ight value was 
significantly less than all the other values. 
The graph (Figure 13) of b* VS a* for Silar shows the 
initial and one day in darkness are closely grouped 
with the one day UV light specimens were yellowish and 
the seven days UV light specimens were even more 
yellowish. 
The Silar chroma values, C(ab)*, are shown in Table 25. 
Chroma values are 
(S.D.=0.420), 7.650 
4.190 (S.D.=0.330), 
(S.D.=0.790), and 
4.430 
12.700 
(S.D.=0.460) for initial, one day darkness, one day UV 
light, and seven days UV light respectively. Table 21, 
Table 22, Table 23, and Table 24 show the minimum and 
maximum chroma, C(ab)*, values. The ranges are 3.66 to 
5.02, 3.88 to 5.97, 4.67 to 8.85, and 11.69 to 14.04 
for initial, one day darkness, one day UV light, and 
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seven days UV light respectively. Using Tukey's test 
for significance at the P=.01 confidence level the 
initial and one day darkness were not found to be 
significantly different. The value at the end of one 
day UV light was significantly greater than the initial 
and one day darkness values. The chroma value at the 
end of seven days of UV exposure was found to be 
significantly more than the other values. 
Silar Delta E* 
The initial "Delta E*" mean (of the thirty samples) was 
55.937 (S.D.=0.457). After one day in darkness the 
mean value of "Delta E*" was 55.767 (S.D.=0.500). At 
the end of one day (24 hours) of UV light exposure the 
"Delta E*" value was 55.397 (S.D.=0.522). Finally at 
the end of seven days (168 hours) the value of "Delta 
E*" was 55.510 (S.D.=0.391). Using Tukey's test for 
significance at the P=.01 confidence level the critical 
range for pairs of means was 0.386. The initial and 
one day of darkness were not found to be significantly 
different. The one day darkness, one day UV light, and 
seven days UV light exposure were not found to be 
significantly different. One day and seven days UV 
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light exposure were significantly less than the initial 
value. 
silar Y value, and Chromaticity (x,y) 
Table 26, Table 27, Table 28, and Table 29 show the 
thirty individual values of the Silar "Y" for the 
initial, one day darkness, one day UV light, and seven 
days UV light respectively. The initial time period 
mean (of the thirty samples) of "Y" was value of 41.12 
(S.D.=0.681). After one day in darkness the mean value 
of "Y" was 41.21 (S.D.=0.643). At the end of one day 
(24 hours) of UV light the "Y" value was 39.433 
(S.D.=0.692). Finally at the end of seven days (168 
hours) the value of "Y" was 37.137 (S.D.=0.512). Using 
Tukey' s test for significance at the P=. 01 confidence 
level the critical range for pairs of means was 0.523. 
The initial and one day of darkness were not found to 
be significantly different. The "Y" value at the end 
of one day of UV light was found to be significantly 
less than initial and one day darkness values. The "Y" 
value at the end of seven day of UV light was found to 
be significantly less than the other values. 
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The chromaticity (x, y) of Silar is and shown in the 
graph (Figure 14) . Figure 15, Figure 16, Figure 17, 
and Figure 18 show the individual points (x,y) that 
make up the means in Figure 14. The graph, Figure 14, 
shows the mean chromaticity of the initial 0.310,0.325 
and one day of darkness reading at 0.311,0.326, a very 
slight move toward yellow green. After one day of UV 
light the mean value of 0.317,0.335 a move toward 
yellow green from the initial. After seven days of UV 
light the mean chromaticity of 0.331,0.350 a move 
toward yellow green from the initial. 
Silar Dominant Wavelength and Excitation Purity 
The graphs for Silar initial (Figure 15), one day in 
darkness (Figure 16), one day in UV light (Figure 17), 
and seven days in UV light (Figure 18) show the 
grouping of the thirty individual (x,y) sample points. 
Note that some samples values are identical so there 
are less than thirty points shown on the graphs. The 
initial (Table 26) show a mean dominant wavelength of 
552.0 nm (S.0=6.6) with a minimum to maximum range of 
530.0 to 564.1 nm. The dominant wavelength is in the 
yellowish green color range. The initial values (Table 
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26) show a mean excitation purity of 2.3% (S.D=0.6) 
with a range of 1. 4 to 4. 2%. The one day darkness 
(Table 27) show a mean dominant wavelength of 555.9 nm 
(S.D=4.0) with a range of 550.0 to 566.5 nm. The 
dominant wavelength is in the yellowish green color 
range. The one day darkness (Table 27) show a mean 
excitation purity of 2.8% (S.D.=0.7) with a range of 
2.0 to 5.3%. The one day UV light data (Table 28) show 
a mean dominant wavelength of 564.9 nm (S.D=2.2) with a 
range of 555.0 to 568.3 nm. The dominant wavelength is 
in the yellow green color range. The one day UV light 
results (Table 28) show a mean excitation purity of 
6.9% (S.D.=1.1) with a range of 2.8 to 8.8%. The seven 
day UV light data (Table 29) show a mean dominant 
wavelength of 570.9 nm (S.D=0.4) with a range of 570.3 
to 572.0 nm. The dominant wavelength is in the 
greenish yellow color range. The seven day UV light 
results (Table 29) show a mean excitation purity of 
14.5% (S.D.=0.6) with a range of 13.0 to 16.0%. 
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Silar calculated Delta E* 
Table 30 shows the Silar calculated value of Delta E* 
as being 0.401 using the time period from initial to 
one day darkness. This Del ta E* value is calculated 
from the values of Delta L* at -0.053, Delta C(ab)* at 
-0.240, and Delta H(ab)* at 0.317. 
The Delta E* value, using the time period from initial 
to one day UV light, for Silar is 4.056. This Delta E* 
value is calculated from the values of Del ta L* at 
1.224, Delta C(ab)* at -3.460, and Delta H(ab)* at 
1.727. 
The Delta E* value, using the time period from initial 
to seven days UV light, for Silar is 9.812. This Delta 
E* value is calculated from the values of Delta L* at 
2.914, Delta C(ab)* at -8.510, and Delta H(ab)* at 
3.920. 
Concise L*, a*, and b* color changes 
Table 31 shows the results of the thirty individual 
values of the Concise "L*" results at the initial time 
period. Table 32, Table 33, and Table 34 
thirty individual values of the Concise "L*" 
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show the 
for the 
one day darkness, one day UV light, and seven days UV 
light respectively. Table 35 shows "L*" has a mean (of 
the thirty samples) value at the initial time period of 
66.577 with a standard deviation (S.D.) of 1.379. 
After one day in darkness the mean value of "L*" was 
66.610 (S.D.=l.388). At the end of one day (24 hours) 
of UV light the "L*" value was 65 .107 (S. D. =1. 288) . 
Finally at the end of seven days (168 hours) the value 
of "L*" was 62.063 (S.D.=1.120). Using Tukey's test 
for significance at the P=.01 confidence level (Table 
35) the initial and one day of darkness, were not found 
to be significantly different. The "L*" value at the 
end of one day of UV light was found to be 
significantly less than the initial and one day in 
darkness values. The "L*" value at the end of seven 
days was found to be significantly less than the 
initial, one day in darkness, and one day in UV light 
values. 
Table 31, Table 32, Table 33, and Table 34 show the 
thirty individual values of the Concise "a*" for the 
initial, one day darkness, one day UV light, and seven 
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days UV light respectively. Table 35 shows a initial 
time period mean (of the thirty samples) of "a*" at a 
value of -1.157 (S.D.=0.168). After one day in 
darkness the 
( S. D. =O. 12 6) • 
mean value of "a*" was -1.273 
At the end of one day (24 hours) of UV 
light the "a*" value was -1.777 (S.D.=0.181). Finally 
at the end of seven days (168 hours) the value of "a*" 
was -1.917 (S.D.=0.231). Using Tukey's test for 
significance at the P=.01 confidence level (Table 35) 
the initial and one day of darkness, were not found to 
be significantly different. The "a*" value at the end 
of one day of UV light and seven days UV light were not 
found to be significantly different, but they were both 
significantly more than the initial and one day in 
darkness. 
Table 31, Table 32, Table 33, and Table 34 show the 
thirty individual values of the Concise "b*" for the 
initial, the one day darkness, one day UV light, and 
seven days UV light respectively. Table 35 shows a 
initial time period mean (of the thirty samples) of 
"b*" at a value of 7. 417 (S. D. =O. 702) . After one day 
in darkness the mean value of "b*" was 7. 733 
(S.D.=0.731). At the end of one day (24 hours) of UV 
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light the "b*" value was 11.303 (S.D.=0.722). Finally 
at the end of seven days (168 hours) the value of "b*" 
was 16.180 (S.D.=0.779). Using Tukey's test for 
significance at the P=.01 confidence level (Table 35) 
the initial and one day of darkness, were not found to 
be significantly different. The "b*" value at the end 
of one day of UV light was found to be significantly 
more than the initial and one day in darkness values. 
The "b*" value at the end of seven days was found to be 
significantly more than the initial, one day in 
darkness, and one day in UV light values. 
Concise Hue, Chroma, and b* vs a* 
The mean hue angles, h(ab)*, of the Concise specimens 
are given in Table 35. The values are 99.000 
(S.D.=1.880), 99.490 (S.D.=1.690), 99.010 (S.D.=1.380), 
and 96.790 (S.D.=0.990) degrees for initial, one day 
darkness, one day UV light, and seven days UV light 
respectively. Tables 31 thru 34 show the minimum and 
maximum values for the hue angles, h(ab)*. The ranges 
are 95.26 to 102.93, 96.75 to 103.39, 96.74 to 102.65, 
and 94.35 to 99.33 degrees for initial, one day 
darkness, one day UV light, and seven days UV light 
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respectively. Using Tukey's test for significance at 
the P=. 01 confidence level the initial, one day 
darkness, and one day UV light were not found to be 
significantly different. The seven days UV light was 
found significantly less than the initial, one day 
darkness, and one day UV light value. 
The graph (Figure 19) of b* VS a* for Concise shows the 
initial and one day in darkness are closely grouped 
with the one day UV light specimens were more yellowish 
and the seven day UV exposure being even more 
yellowish. 
The Concise chroma values, C(ab)*, are shown in Table 
35. Chroma 
(S.D.=0.690), 
values 
11.445 
are 7.510 (S.D.=0.670), 7.840 
(S.D.=0.680), and 16.290 
(S.D.=0.760) for initial, one day darkness, one day UV 
light, and seven days UV light respectively. Tables 31 
thru 34 show the minimum and maximum values chroma, 
C(ab)*, values. The ranges are 6.14 to 8.96, 6.48 to 
9.36, 9.98 to 12.79, and 14.54 to 17.81 for initial, 
one day darkness, one day UV light, and seven days UV 
light respectively. Using Tukey's test for 
significance at the P=.01 confidence level the initial 
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and one day darkness were not found to be significantly 
different. The value at the end of one day UV light 
was significantly greater than the initial and one day 
darkness values. The chroma value at the end of seven 
days of UV exposure was found to be significantly more 
than the other values. 
Concise Delta E* 
The initial "Delta E*" mean (of the thirty samples) was 
58.483 (S.D.=1.289). After one day in darkness the 
mean value of "Delta E*" was 58.337 (S.D.=1.290). At 
the end of one day (24 hours) of UV light exposure the 
"Delta E*" value was 58.663 (S.D.=1.190). Finally at 
the end of seven days (168 hours) the value of "Delta 
E*" was 60.640 (S.D.=1.067). Using Tukey's test for 
significance at the P=.01 confidence level the critical 
range for pairs of means was 0.997. The initial, one 
day of darkness, and one day UV light were not found to 
be significantly different. The seven day UV light 
value was significantly greater. 
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Concise Y value, and Chromaticity (x,y) 
Table 36, Table 37, Table 38, and Table 39 show the 
thirty individual values of the Concise "Y" for the 
initial, one day darkness, one day UV light, and seven 
days UV light respectively. The initial time period 
mean (of the thirty samples) of "Y" was value of 36.207 
(S.D.=1.83). After one day in darkness the mean value 
of "Y" was 36.24 (S.D.=1.836). At the end of one day 
(24 hours) of UV light the "Y" value was 34.293 
(S.D.=1.620). Finally at the end of seven days (168 
hours) the value of "Y" was 30.613 (S.D.=1.326). Using 
Tukey's test for significance at the P=.01 confidence 
level the critical range for pairs of means was 1.370. 
The initial and one day of darkness were not found to 
be significantly different. The "Y" value at the end 
of one day of UV light was found to be significantly 
less than initial and one day darkness values. The "Y" 
value at the end of seven day of UV light was found to 
be significantly less than the other values. 
The chromaticity (x,y) of Concise is and shown in the 
graph (Figure 20). Figure 21, Figure 22, Figure 23, 
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and Figure 24 show the individual points (x,y) that 
make up the means in Figure 20. The graph, Figure 20, 
shows the mean chromaticity of the initial 0.326,0.335 
and one day of darkness reading at 0.327,0.336, a very 
slight move toward yellow green. After one day of UV 
light the mean value of 0.335,0.346 a move toward 
yellow green from the initial. 
light the mean chromaticity 
After seven days of UV 
of 0.348,0.361 a move 
toward yellow green from the initial. 
Concise Dominant Wavelength and Excitation Purity 
The graphs for Concise initial (Figure 21), one day in 
darkness (Figure 22), one day in UV light (Figure 23), 
and seven days in UV light (Figure 24) show the 
grouping of the thirty individual (x,y) sample points. 
Note that some samples values are identical so there 
are less than thirty points shown on the graphs. The 
initial measurement (Table 36) show a mean dominant 
wavelength of 574.2 nm (S.D=l.7) with a minimum to 
maximum range of 570.3 to 576.l nm. The dominant 
wavelength is in the greenish yellow color range. The 
initial values (Table 36) show a mean excitation purity 
of 9.6% (S.D=0.8) with a range of 7.4 to 11.2%. The 
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one day darkness results (Table 37) show a mean 
dominant wavelength of 574.6 nm (S.D=0.6) with a range 
of 573.1 to 575.8 nm. The dominant wavelength is in 
the greenish yellow color range. The one day darkness 
(Table 37) show a mean excitation purity of 9.8% 
(S.D.=0.9) with a range of 7.9 to 12.2%. The one day 
UV light data (Table 38) show a mean dominant 
wavelength of 574.7 nm (S.D=0.4) with a range of 573.7 
to 575.3 nm. The dominant wavelength is in the 
greenish yellow color range. The one day UV light 
results (Table 38) show a mean excitation purity of 
14.7% (S.D.=0.9) with a range of 12.8 to 16.7%. The 
seven day UV light data (Table 39) show a mean dominant 
wavelength of 575.4 nm (S.D=0.3) with a range of 574.8 
to 576.1 nm. The dominant wavelength is in the yellow 
color range. The seven day UV light results (Table 39) 
show a mean excitation purity of 22.2% (S.D.=0.8) with 
a range of 20.3 to 23.7%. 
Concise calculated Delta E* 
Table 40 shows the Concise calculated value of Delta E* 
as being 0.338 using the time period from initial to 
one day darkness. This Del ta E* value is calculated 
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from the values of Delta L* at -0.033, Delta C(ab)* at 
-0.330, and Delta H(ab)* at 0.065. 
The Delta E* value, using the time period from initial 
to one day UV light, for Concise is 4.201. This Delta 
E* value is calculated from the values of Delta L* at 
1.470, Delta C(ab) * at -3.935, and Delta H(ab) * at 
0.057. 
The Delta E* value, using the time period from initial 
to seven days UV light, for Concise is 9. 887. This 
Delta E* value is calculated from the values of Delta 
L* at 4.514, Delta C(ab)* at -8.780, and Delta H(ab)* 
at 0.537. 
The ADA specification test #27 was also done on three 
replicates of each composite not only for 24 hours UV 
light exposure, but at the end of 24 hours in darkness 
and 7 days UV light exposure. The results for 
Herculite XR were no visual difference after 24 hours 
in darkness for all three samples, just being able to 
see a difference after 24 hours UV light exposure for 
all three samples, and a distinct visible difference 
after 7 days UV light exposure for all three samples. 
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The results for Silux were no visual difference after 
24 hours in darkness for all three samples, just being 
able to see a difference after 24 hours UV light 
exposure for one sample and no visual difference for 
two samples, and just being able to see a visual 
difference after 7 days UV light exposure for all three 
samples. The results for Silar were no visual 
difference after 24 hours in darkness for all three 
samples, a distinct visual difference after 24 hours UV 
light exposure for all three samples, a substantial 
visible difference after 7 days UV light exposure for 
all three samples. The results for Concise were no 
visual difference after 24 hours in darkness for all 
three samples, a distinct visual difference after 24 
hours UV light exposure for all three samples, a 
substantial visible difference after 7 days UV light 
exposure for all three samples. 
Figure 25 graphically shows the mean "L*" value, of 
Herculite XR compared to Silux, Silar, and Concise for 
the conditions: initial, one day in darkness, one day 
in UV light values, and seven days in UV light. The L* 
value means lighter when more positive and darker when 
more negative. The means and standard deviations for 
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Herculite XR, Silux, Silar, and Concise are in Table 5, 
Table 15, Table 25, and Table 35 respectively. 
In Figure 25 Herculite XR has lower mean "L*" initial 
(65.770) and one day darkness (65.793) values than the 
other three materials. The "L*" values of one day 
(65.167) and seven days UV light (64.607) are the 
second lowest of the four with the Concise values being 
the lowest. In Figure 25 Silux has greater mean "L*" 
initial (67.190), one day darkness (67.300), one day UV 
light (66.720), and seven days (65.563) UV light than 
Herculite XR and Concise, but less than Silar. In 
Figure 25 Silar has greater mean "L*" initial (70.207), 
one day darkness (70.260), one day UV light (68.983), 
and seven days UV 1 ight ( 6 7 . 2 9 3) than Hercul i te XR, 
Concise, and Silux. In Figure 25 Concise has greater 
mean "L*" initial (66.577), and one day darkness 
( 66. 610) than Herculite XR, but less than Silar and 
Silux. One day UV light (65.107), and seven days UV 
light (62.063) are less than the other three materials. 
Figure 26 graphically shows the percentage of the mean 
"L*" that are compared to a base of 100 percent for the 
initial value of "L*". In Figure 26 for Herculite XR 
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there is a increase of the "L*" values to 100. 03% 
percent between the initial value and the one day in 
darkness. The one day UV light decreases to 99.08% and 
the seven days UV light decreases to 98. 23%. This 
pattern compares closely with the other light cured 
composite Silux which had values of 100%, 100.16%, 
99.30%, and 97.58%, respectively. Both Silar and 
Concise, the chemically cured composites showed greater 
percentage decreases after one day and seven days of UV 
light. In Figure 26 for Silar there is a increase of 
the "L*" values to 100.08% percent between the initial 
value and the one day in darkness. The one day UV 
light decreases to 98.26% and the seven days UV light 
decreases to 95. 85%. This pattern compares closely 
with the other chemically cured composite Concise which 
had values of 100%, 100.05%, 97.79%, and 93.22%, 
respectively. Both Herculite XR and Silux, the light 
cured composites, showed less percentage decreases 
after one day and seven days of UV light. 
Figure 27 graphically shows the mean "a*" value of 
Herculite XR compared to Silux, Silar, and Concise for 
the initial, one day in darkness, one day in UV light 
values, and seven days in UV light. The change in a* 
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value means redder when more positive and greener when 
more negative. The means and standard deviations for 
Herculite XR, Silux, Silar, and Concise are in Table 5, 
Table 15, Table 25, and Table 35 respectively. In 
Figure 27 Herculite XR has a more negative mean initial 
value of "a*" at -2. 337, one day darkness value at -
2. 637, one day UV light at -2. 207, and seven days UV 
light at -2.963 than Concise. But the "a*" values of 
Herculite XR are not as negative as Silux and Silar. 
In Figure 27 Silux has a more negative mean initial 
value of "a*" at -4. 553, one day darkness value at -
5 .103, one day UV light at -4. 920, and seven days UV 
light at -5.007 than Herculite XR, Silar, and Concise. 
In Figure 27 Silar has a more negative mean initial 
value of "a*" at -3.257, one day darkness value at -
3. 233, one day UV light at -4. 250, and seven days UV 
light at -4.420 than Herculite XR and Concise, but not 
as negative as Silux. In Figure 27, Concise has the 
least negative mean initial value -1.157, one day 
darkness -1. 273, one day UV light -1. 777, and seven 
days UV light -1. 917 than Herculite XR, Silux, and 
Silar. 
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Figure 28 graphically shows the percentages of the "a*" 
means that are compared to a base of 100 percent for 
the initial mean value of "a*"· 
In Figure 28, Herculite XR has an increase in the 
negative value of the "a*" to 112. 84% percent between 
the initial value and the one day in darkness. The one 
day UV light has a decrease in negative value to 94.44% 
and the seven days UV light has an increase in negative 
value to 126.79%. This pattern most closely compares 
with the other light cured composite, Silux, which had 
values of 100%, 112. 08%, 108. 06%, and 109. 97%, 
respectively. Both Silar and Concise, the chemically 
cured composites showed greater percentage increases in 
the negative values after one day and seven days of UV 
light. In Figure 28, Silar has an decrease in the 
negative value of the "a*" to 99. 26% percent between 
the initial value and the one day in darkness. The one 
day UV light has a decrease in negative value to 
130.49% and the seven days UV light has an decrease in 
negative values to 135.71%. This pattern most closely 
compares with the other chemically cured composite 
Concise which had values of 100%, 110.03%, 153.59%, and 
165. 69%, respectively. Both Herculite XR and Silux, 
63 
the light cured composites, showed less percentage 
increases in the negative values after one day and 
seven days of UV light. 
Figure 29 graphically shows the mean "b*" value of 
Herculite XR compared to Silux, Silar, and Concise for 
the conditions: initial, one day in darkness, one day 
in UV light values, and seven days in UV light. The b* 
value means yellow when more positive and bluer when 
more negative. The means and standard deviations for 
Herculite XR, Silux, Silar, and Concise are in Table 5, 
Table 15, Table 25, and Table 5, respectively. In 
Figure 29 Herculite XR has a mean initial value of "b*" 
at 10.433, one day darkness value at 10.303, one day UV 
light at 10.130 and seven days UV light at 14.247. The 
"b*" values of Herculite XR are most similar to Silux 
with values of 11.737, 12.180, 11.503, and 14.063. In 
Figure 29, Silar has a mean initial value of "b*" at 
2. 610, one day darkness value at 3. 007, one day UV 
light at 6.347, and seven days UV light at 11.907. The 
"b*" values of Silar are most similar to Concise with 
values of 7.417, 7.733, 11.303, and 16.180. 
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Figure 30 graphically shows the percentages of the "b*" 
means that are compared to a base of 100 percent for 
the initial mean value of "b*"· In Figure 30, 
Herculite XR has a decrease in the value of the "b*" to 
98. 75% percent between the initial value and the one 
day in darkness. The one day UV light has a decrease 
in value to 97.10% and the seven days UV light has an 
increase in value to 136.56%. This pattern most 
closely compares with the other light cured composite 
Silux which had values of 100%, 103. 77%, 98. 01%, and 
119. 82%, respectively. Both Silar and Concise, the 
chemically cured composites showed greater percentage 
increases in the values after one day and seven days of 
UV light. In figure 30 Silar has an increase in the 
value of the "b*" to 115.21% percent between the 
initial value and the one day in darkness. The one day 
UV light has a increase in value to 243 .18% and the 
seven days UV light has an increase in value to 
456.21%. This pattern most closely compares with the 
other chemically cured composite Concise which had 
values of 100%, 104.26%, 152.39%, and 218.15%, 
respectively. Both Herculite XR and Silux, the light 
cured composites, showed less percentage increases in 
the values after one day and seven days of UV light. 
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Figure 31 graphically shows the mean "Delta E*" value 
of Herculite XR compared to Silux, Silar, and Concise 
for the conditions:, initial, one day in darkness, one 
day in UV light values, and seven days in UV light. 
The Delta E* value means the total difference between 
the two colors based on the terms L*, a*, b*. The 
means and standard deviations for Herculite XR, Silux, 
Silar, and Concise are in Table 5, Table 15, Table 25, 
and Table 35 respectively. In Figure 31 Herculite XR 
has a mean initial value of "Delta E*" at 58.003, one 
day darkness value at 57. 883, one day UV light at 
58.650, and seven days UV light at 58.137. The "Delta 
E*" values of Herculite XR are greater than Silux 
(55.583, 55.187, 55.903, and 56.477) and Silar (55.937, 
55.767, 55.397, and 55.510) and slightly less than 
Concise (58.483, 58.337, 58.663, and 60.640). 
The "Delta E*" values of Silux at initial and one day 
darkness are less than all the other materials. The 
Silux "Delta E*" at one day UV light and seven days UV 
light are less than all other materials but Silar. 
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The "Delta E*" values of Silar at initial and one day 
darkness are less than all the other materials except 
silux. The Silar "Delta E*" at one day UV light and 
seven days UV light are less than all the other 
materials. 
The "Delta E*" values of Concise at initial, one day 
darkness, and seven days UV light are greater than all 
the other materials. In the case of one day UV light 
Concise is greater than all materials except Herculite 
XR. 
Figure 32 graphically shows the percentages of the 
"Delta E*" means that are compared to a base of 100 
percent for the initial mean value of "Delta E*"· In 
Figure 32 Herculite XR has a decrease in the value of 
the "Delta E*" to 99. 79% percent between the initial 
value and the one day in darkness. The one day UV 
light has a increase in value to 101.12% and the seven 
days UV light has an increase in value to 100. 23%. 
This pattern of Herculite XR shows the least percentage 
change in "Del ta E*" compared to Silux, Silar, and 
Concise. In Figure 32 Silux has a decrease in the 
value of the "Del ta E*" to 99. 29% percent between the 
67 
initial value and the one day in darkness. The one day 
UV light has an increase in value to 100. 58% and the 
seven days UV light has an increase in value to 
101. 61%. This pattern of Silux is most similar to 
Herculite XR. In Figure 32 Silar has a decrease in the 
value of the "Delta E*" to 99. 70% percent between the 
initial value and the one day in darkness. The one day 
UV light has a decrease in value to 99. 03% and the 
seven days UV light has an increase in value to 99.24%. 
This pattern of Silar is most similar to Concise for 
the initial value, one day in darkness and one day UV 
exposure. But Concise shows a greater percentage 
increase at seven days UV light. In Figure 32 Concise 
has a decrease in the value of the "Delta E*" to 99.75% 
percent between the initial value and the one day in 
darkness. The one day UV light has a increase in value 
to 100.31% and the seven days UV light has an increase 
in value to 103. 69%. Concise exhibits the largest 
increase in "Delta E*" for seven day UV exposure of all 
the brands tested. 
Figure 33 graphically shows the mean "Y" value of 
Herculite XR compared to Silux, Silar, and Concise for 
the initial, one day in darkness, one day in UV light 
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values, and seven days in UV light. See the preceding 
text for means and standard deviation. In Figure 33 
Herculite XR has a mean initial value of "Y" at 35.133, 
one day darkness value at 35.123, one day UV light at 
34. 34 7, and seven days UV light at 33. 657. The "Y" 
values of Herculite XR are less than Silux (36. 993, 
37.147, 36.370, and 34.877), Silar (41.120, 41.210, 
39.433, and 37.137), and Concise (36.207, 36.240, 
34.293, and 30.613), except for the seven days UV light 
value of Concise. The "Y" values of Silux are less 
than Silar, but more than Herculite XR and Concise. 
The "Y" values of Silar are more than Silux, Herculite 
XR, and Concise. The initial and one day darkness "Y" 
values of Concise are less than Silux and Silar, but 
more than Hercul i te XR. The one and seven days UV 
light "Y" values of Concise are less than the other 
three materials. 
Figure 34 graphically shows the percentages of the "Y" 
means that are compared to a base of 100 percent for 
the initial mean value of "Y". In Figure 34 Herculite 
XR has a decrease in the value of the "Y" to 99.97% 
percent between the initial value and the one day in 
darkness. The one day UV light has a decrease in value 
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to 97.76% and the seven days UV light has an decrease 
in value to 95.80%. This pattern most closely compares 
with the other light cured composite Silux which had 
values of 100%, 100.42%, 98.32%, and 94.28%, 
respectively. Both Silar and Concise, the chemically 
cured composites showed greater percentage decreases in 
the values after one day and seven days of UV light. 
In Figure 34 Silar has an increase in the value of the 
"Y" to 100. 22% percent between the initial value and 
the one day in darkness. The one day UV light has a 
decrease in value to 95.90% and the seven days UV light 
has an decrease in value to 90.31%. This pattern most 
closely compares with the other chemically cured 
composite Concise which had values of 100%, 100.09%, 
94. 71%, and 84. 55%, respectively. The largest 
percentage decrease in "Y" occurred for Concise after 
seven days of UV exposure. Both Herculite XR and 
Silux, the light cured composites showed less 
percentage decreases in the values after one day and 
seven days of UV light. 
The Herculite XR chromaticity (x,y) changes in Figure 2 
show no color changes after one day and a move toward 
yellow green after seven days exposure to UV light. 
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The Herculite XR calculated color difference equations 
in Table 10 agree with the chromaticity (x,y) changes 
in Figure 2. They show a move toward more darker color 
after 1 day and even more darker after 7 days as shown 
by the change in Delta L*. The change in chroma, Delta 
C(ab)*, show a slightly more pure color after 1 day and 
a less pure (more grey) color after 7 days. The Hue 
difference, Delta H(ab)*, after 1 day was slightly more 
yellow and after 7 days even more yellow. The Silux 
chromaticity (x,y) changes in Figure 8 show no 
significant change after one day and a move toward 
yellow green after seven days exposure to UV light. 
The Silux calculated color difference equations in 
Table 20 agree with the chromaticity (x,y) changes in 
Figure 8. They show a move toward more darker color 
after 1 day and even more darker after 7 days as shown 
by the change in Delta L*. The change in chroma, Delta 
C(ab)*, show a slightly more pure color after 1 day and 
a less pure (more grey) color after 7 days. The Hue 
difference, Delta H(ab)*, after 1 day and 7 days were 
both slightly more yellow. The Silar and Concise 
chromaticity (x,y) changes in Figures 14 and 20 show a 
move toward yellow green after one day and a even 
greater move toward yellow green after seven days 
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exposure to UV light. The Silar and Concise calculated 
color difference equations in Tables 30 and 40 agree 
with the chromaticity (x,y) changes in Figures 14 and 
20. They show a move toward more darker color after 1 
day and even more darker after 7 days as shown by the 
change in Del ta L* . The change in chroma, Del ta 
C(ab)*, show a less pure (more grey) color after 1 day 
and a even less pure color after 7 days. The Hue 
difference, Delta H(ab)*, after 1 day was more yellow 
and after 7 days was even more yellow. 
The change in darkness, Delta L*, from initial to 1 day 
in darkness for Herculite XR, Silux, Silar, and Concise 
were -0.023, -0.110, -0.053, -0.033, respectively 
(Tables 10, 20, 30, 40). All four materials become 
very slightly lighter. Between initial and 1 day UV 
light exposure the Delta L* for Herculite XR, Silux, 
Silar, and Concise were 0.603, 0.470, 1.224, and 1.470, 
respectively. The light cured composites Herculite XR 
and Silux did not darken as much as the chemically 
cured Silar and Concise. The Delta L* changes between 
initial and 7 day UV light exposure were 1.163, 1.627, 
2. 914, and 4. 514 for Herculite XR, Silux, Silar, and 
Concise, respectively. 
Concise darker more. 
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Chemical cured Silar and 
The change in chroma, Delta C(ab)*, from initial to 1 
day in darkness for Herculite XR, Silux, Silar, and 
Concise were 0.056, -0.620, -0.240, -0.330, 
respectively (Tables 10, 20, 30, 40). Herculite XR 
became slightly more pure (less grey), but the other 
three materials all became more grey. Between initial 
and 1 day UV light exposure the Delta C(ab)* for 
Herculite XR, Silux, Silar, and Concise were o. 324, 
0.070, -3.460, and -3.935, respectively. The light 
cured composites Herculite XR and Silux became slightly 
more pure, but the chemically cured Silar and Concise 
became less pure (more grey). The Delta C(ab)* changes 
between initial and 7 day UV light exposure were 
3.855, -2.330, -8.510, and -8.780 for Herculite XR, 
Silux, Silar, and Concise, respectively. All became 
grayer, but the Chemical cured Silar and Concise became 
much more grayer. 
The change in hue, Delta H(ab)*, from initial to 1 day 
in darkness for Herculite XR, Silux, Silar, and Concise 
were 0.322, 0.339, 0.317, 0.065, respectively (Table 
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10, Table 20, Table 30, and Table 40). All increased 
slightly, Concise the least, with a move approximately 
toward the yellow color range. Between initial and 1 
day UV light exposure the Delta H(ab) * for Herculite 
XR, Silux, Silar, and Concise were 0.058, 0.430, 1.727, 
and 0.057, respectively. Herculite XR and Concise had 
the least change in Hue. Silux was greater with Silar 
having the greatest change. The Delta H(ab)* changes 
between initial and 7 day UV light exposure were 0.275, 
0.435, 3.920, and 0.537 for Herculite XR, Silux, Silar, 
and Concise, respectively. Silar had much greater of a 
change than the others. 
The change in hue angle, Delta h(ab)*, from initial to 
1 day in darkness for Herculite XR, Silux, Silar, and 
Concise were 1.723, 1.510, -4.180, 0.490, respectively 
(Table 5, Table 15, Table 25, and Table 35) . All 
increased slightly with a move toward the green color 
range, except Silar which decreased and moved toward 
yellowish green. Between initial and 1 day UV light 
exposure the Delta h(ab)* for Herculite XR, Silux, 
Silar, and Concise were -o. 330, 1. 920, -17. 530, and 
0.010, respectively. Silux increased slightly with a 
move toward the green color range. Herculite XR 
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slightly, and Silar to a much greater extent, decreased 
which and moved toward yellow green. Concise changed 
very little. The Delta h(ab)* changes between initial 
and 7 day UV light exposure were -0.850, -1.640, 
31.250, and -2.210 for Herculite XR, Silux, Silar, and 
Concise, respectively. All had a slight, except Silar 
which was much greater, decrease and move toward the 
yellow green color range. 
The change in total color difference, Del ta E (ab)*, 
from initial to 1 day in darkness for Herculite XR, 
Silux, Silar, and Concise were 0.328, 0.715, 0.401, 
0.338, respectively (Table 10, Table 20, Table 30, and 
Table 40). Silux had a greater total color difference, 
with the others being closely grouped. Between initial 
and 1 day UV light exposure the Delta E(ab)* for 
Hercul i te XR, 
0.641, 4.056, 
Silux, Silar, and Concise were 0.687, 
and 4.201, respectively. Chemically 
cured Silar and Concise had a much greater change than 
the small change in Herculite XR and Silux. The Delta 
E(ab)* changes between initial and 7 day UV light 
exposure were 4.036, 2.875, 9.812, and 9.887 for 
Herculite XR, Silux, Silar, and Concise, respectively. 
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Again the chemically cured Silar and Concise had a much 
greater change than the others. 
DISCUSSION 
This study was done, in part, to illustrate that a 
relatively low cost colorimeter can be used to 
quantitatively measure color change. The color 
stability test method in ADA Specification No. 27 has 
been the standard for years. 
color change is evaluated 
subjectively by a yes or no 
It is a test in which 
qualitatively and 
decision. The ADA 
specification No. 27 test done on the four composite 
materials after 24 hours of UV light exposure showed 
all to have a visible difference except for two of the 
three Silux composite samples which showed no visible 
change. The colorimeter is able to yield accurate 
information about color changes that are too small to 
be subjectively seen by the eye. It also yields color 
information in Yxy, L*a*b*, and Del ta E color 
standards. This allows detailed quantitative 
evaluations of the type and amount of color change that 
can not be done with the color stability test in ADA 
Specification No. 27. 
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Asmussen, {1983) found that when oxygen is removed from 
the water that the samples are stored in, the color 
change is greatly reduced. Asmussen tested Adaptic, 
concise, Concise Cap-C-Rynge, Cosmic, Durafill, Estic, 
Estic Microfill, Fotofil, Isopast, Isopast Variant, 
Nimetic, Nuva-Fil, Prestige, Silar, Uvio-Fil, Heliosit, 
and Visio-Dispers in the study. This shows that there 
is an oxidizing nature in the process that color 
changes. 
Asmussen, (1983) showed color stability tests done with 
UV-light irradiation may show only a little change 
because of UV-light absorbers, but the same materials 
may show discoloration due to oxidation. The tests 
that were used were 24 hour testing in UV-light from a 
UV-light source (Osram Ultra Vitalux, GUR 31) in the 
ADA Specification No. 27 and a water oxidation test 
where the sample is stored in water at 60 degrees c for 
1 month. The test specimens were equal parts of 
universal paste with amine and catalyst paste 
containing benzoyl-peroxide (BPO). The work in this 
study showed that the type of amine affects the color 
stability. The DEBA amine has good color stability 
probably due to the structure of the molecule. The 
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molecule with bulky tertiary butyl groups present a 
steric hindrance for the color forming oxidizing attack 
on the benzene ring of the amine. Materials using DEPT 
amine are not as color stable. The inhibitor if in low 
concentrations is almost completely consumed during 
polymerization. When this happens the reacted 
inhibitor does not affect the color stability. But at 
high concentrations were there is unreacted inhibitor, 
this inhibitor may cause a change of color in the 
polymerized resin. The greater concentration of 
benzoyl-peroxide (BPO), the more inhibitor will react 
during polymerization and therefore the less inhibitor 
induced color change. The Asmussen study showed less 
color change in light cured materials than in 
chemically cured materials. This is probably due to 
the chemically cured materials using a chromogenic 
compound, i.e. an aromatic, tertiary amine to cause 
polymerization where the light cured do not need these 
compounds to polymerize. 
The color changes for some materials showed a small 
change with UV-light but a large change using water 
storage. The tests for color stability using water 
storage were not correlated with the results from UV-
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light irradiation. This is probably due to the use of 
UV absorbers in the resins. Note that the composition 
of the composites Concise and Silar may have been 
altered since this study was done and published in 
1983. Note that in this study of color change UV-light 
irradiation was studied but no tests for oxidation 
causing color changes were done. 
Asmussen (1983) studied both color change resulting 
from storage in water and exposure to UV light. 
Concise showed a Delta E* of approximately 4 after one 
month storage in water at 60 degrees C. After 24 hour 
exposure to UV light as described in the ADA 
specification No. 27 it showed a Delta E* of 
approximately 2. These two results compare with the 
results of this study which was a calculated Delta E* 
of 4.201 after 24 hours of UV light exposure. 
Powers (1978) found the luminous reflectance Y of 
Concise after accelerated aging of radiation of a 2500 
watt xenon light source with an intermittent water 
spray for 18 minutes every 102 minutes. After o, 20, 
and 300 hours it was 66.1, 59.7, and 56.7, 
respectively. These results compare with Y values of 
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this study for o hours, 24 hours, and 168 hours (seven 
days), of 36.207, 34.293, and 30.613, respectively. 
Powers found the dominant wavelength after o, 20, and 
300 hours were 578. 53 nm, 578. 92 nm, and 579 .17 nm, 
respectively. This compares with the results of this 
study for O, 24 , and 168 hours of 574.2 nm, 574.7 nm, 
and 575.4 nm, respectively. The excitation purity of 
the Power study after o, 20, and 300 hours were 30.7%, 
31.7% and 36.5%, respectively. This compares with the 
results for this study after O, 24, and 168 hours 
(seven days) of 9.6%, 14.7%, and 22.2%, respectively. 
The differences in values, especially for Y, is 
probably due to the fact that Powers used a white 
background to obtain these values and this study used a 
black background. 
Bowen and Argentar (1972) did color tests by exposure 
to sunlamp on composites in which the ultraviolet 
absorbers were not included so that the amine 
accelerators could be compared more critically. There 
was very little variation in color after being under a 
sunlamp with varying amounts of accelerators BHT, DMSX, 
BCX, and BTX within the small range of accelerator 
concentrations in the study. Specimens with polymeric 
81 
PBX had more of a pinkish tint and more pinkish 
discoloration when exposed to the sunlamp. Bowen and 
Argentar stated that resistance to discoloration 
appears to be primarily a function of the substituents 
on the aromatic ring of the amine. 
SUMMARY 
The use of the Minolta Chroma Meter II in measuring 
color differences provides additional information over 
that given by either the color stability test method in 
ADA Specification #27 or the color difference equation 
to determine Delta E*. More extensive information is 
obtained as to the amount and type of color change 
under different time periods and UV light exposure. 
Where the several composite materials tested with ADA 
Specification #27 qualitatively show visible color 
changes, complete colorimeter data show a great range 
of actual changes between materials. Although the 
composite brands tested show little or no color 
differences using Delta E*, complete colorimeter data 
show a great range of actual changes between materials. 
Figure 26 graphically shows the percentages of the mean 
"L*" that are compared to a base of 100 percent for the 
initial value of "L*"· The L* value means lighter when 
more positive and darker when more negative. Both 
Herculite XR and Silux, the light cured composites, 
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showed less percentage decreases (less dark) after one 
day and seven days of UV light. Both Silar and 
Concise, the chemically cured composites, showed 
greater percentage decreases (darker) after one day and 
seven days of UV light. 
Figure 28 graphically shows the percentages of the "a*" 
means that are compared to a base of 100 percent for 
the initial mean value of "a*"· The change in a* value 
means redder when more positive and greener when more 
negative. Both Herculite XR and Silux, the light cured 
composites, showed less percentage increases (less 
green) in the negative values after one day and seven 
days of UV light. Both Silar and Concise, the 
chemically cured composites showed greater percentage 
increases (greener) in the negative values after one 
day and seven days of UV light. 
Figure 30 graphically shows the percentages of the "b*" 
means that are compared to a base of 100 percent for 
the initial mean value of "b*". The b* value means 
yellow when more positive and bluer when more negative. 
Both Herculite XR and Silux, the light cured 
composites, showed less percentage increases (less 
84 
yellow) in the values after one day and seven days of 
UV light. Both Silar and Concise, the chemically cured 
composites, showed greater percentage increases 
(yellower) in the values after one day and seven days 
of UV light. 
Figure 34 graphically shows the percentages of the "Y" 
means that are compared to a base of 100 percent for 
the initial mean value of "Y". Y is luminosity [scale 
from O (absolute black) to 100 (perfect white)]. Both 
Herculite XR and Silux, the light cured composites, 
showed less percentage decreases (less dark) in the 
values after one day and seven days of UV light. Both 
Silar and Concise, the chemically cured composites 
showed greater percentage decreases (darker) in the 
values after one day and seven days of UV light. 
The Herculite XR chromaticity (x,y) changes in Figure 2 
show no color changes after one day exposure to UV 
light and a move toward yellow green after seven days 
exposure to UV light. The Silux chromaticity (x,y) 
changes in Figure 8 show no significant change after 
one day exposure to UV light and a move toward yellow 
green after seven days exposure to UV light. The Silar 
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and Concise chromaticity (x,y) changes in Figures 14 
and 20 show a move toward yellow green after one day 
exposure to UV light and an even greater move toward 
yellow green after seven days exposure to UV light. 
With the availability 
colorimeter equipment this 
more in the development, 
evaluation of composites. 
of relatively low 
equipment should be 
testing, and long 
cost 
used 
term 
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Table 1 
HERCULITE XR INITIAL 
L* a* b* h(ab)* C(ab)* 
65.9 -2.2 9.6 102.91 9.85 
65.5 -2.7 11.0 103.79 11. 33 
65.0 -2.6 10.5 103.91 10.82 
65.7 -2.5 11. 3 102.48 11.57 
64.8 -2.4 11. 0 102.31 11.26 
66.3 -2.2 10.2 102.17 10.43 
64.6 -2.5 10.0 104.04 10.31 
66.2 -2.3 10.5 102.36 10.75 
66.4 -2.4 10.9 102.42 11.16 
65.8 -2.2 10.3 102.06 10.53 
65.0 -2.2 9.3 103.31 9.56 
66.4 -2.5 10.8 103.03 11. 09 
65.3 -2.5 10.l 103.90 10.40 
65.6 -2.5 10.2 103.77 10.50 
65.8 -2.0 9.8 101.53 10.00 
65.2 -2.5 10.4 103.52 10.70 
66.1 -2.3 10.4 102.47 10.65 
64.8 -2.3 9.7 103.34 9.97 
66.4 -2.2 10.3 102.06 10.53 
65.8 -2.1 9.6 102.34 9.83 
66.4 -2.3 11. 0 101. 81 11. 24 
65.2 -2.4 11.1 102.20 11. 36 
66.4 -2.1 10.7 101.10 10.90 
65.0 -2.5 11.1 102.69 11. 38 
66.5 -2.2 10.9 101.41 11.12 
66.1 -2.2 10.1 102.29 10.34 
66.3 -2.1 9.9 101.98 10.12 
66.4 -2.3 11.2 101.60 11.43 
65.9 -2.4 9.9 103.63 10.19 
66.3 -2.5 11.2 102.58 11.48 
MINIMUM 101.10 9.56 
MAXIMUM 104.04 11.57 
MEAN 102.63 10.69 
STANDARD DEVIATION 0.81 0.56 
TABLE 
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Table 2 
HERCULITE XR ONE DAY DARKNESS 
L* a* b* h(ab)* C(ab)* 
66.0 -2.4 9.8 103.76 10.09 
65.7 -3.0 10.8 105.52 11.21 
65.3 -3.1 10.4 106.60 10.85 
66.1 -3.2 11.3 105.81 11. 74 
65.2 -3.0 11. l 105.12 11.50 
66.6 -3.0 10.6 105.80 11. 02 
64.2 -2.8 9.6 106.26 10.00 
66.4 -2.7 10.4 104.55 10.74 
66.4 -2.7 10.9 103.91 11.23 
65.7 -2.6 10.5 103.91 10.82 
65.0 -2.6 9.3 105.62 9.66 
66.1 -2.9 10.7 105.16 11. 09 
65.1 -2.5 9.8 104.31 10.11 
65.7 -2.5 10.0 104.04 10.31 
65.8 -2.2 9.7 102.78 9.95 
65.0 -2.7 9.8 105.40 10.17 
66.0 -2.5 10.2 103.77 10.50 
64.8 -2.5 9.5 104.74 9.82 
66.2 -2.4 10.l 103.37 10.38 
65.6 -2.4 9.4 104.32 9.70 
66.3 -2.4 10.7 102.64 10.97 
65.0 -2.5 10.7 103.15 10.99 
66.5 -2.4 10.6 102.76 10.87 
65.5 -2.7 10.9 103.91 11.23 
66.6 -2.4 10.7 102.64 10.97 
66.1 -2.5 9.9 104.17 10.21 
66.1 -2.3 9.9 103.08 10.16 
66.6 -2.7 11.2 103.55 11.52 
65.9 -2.7 9.6 105.71 9.97 
66.3 -2.8 11. 0 104.28 11. 35 
-MINIMUM 102.64 9.66 
MAXIMUM 106.60 11. 74 
MEAN 104.36 10.64 
STANDARD DEVIATION 1.11 0.59 
93 
Table 3 
HERCULITE XR ONE DAY UV LIGHT 
L* a* b* h(ab)* C(ab)* 
65.2 -2.1 10.1 101.75 10.32 
64.9 -2.2 10.1 102.29 10.34 
64.4 -2.3 9.7 103.34 9.97 
65.3 -2.0 10.5 100.78 10.69 
64.2 -2.1 10.3 101. 52 10.51 
65.5 -2.0 10.5 100.78 10.69 
63.7 -2.4 9.6 104.04 9.90 
65.8 -2.1 10.1 101.75 10.32 
65.8 -2.2 10.6 101.73 10.83 
65.2 -2.0 10.4 100.89 10.59 
64.5 -2.5 10.3 103.64 10.60 
65.4 -2.3 10.5 102.36 10.75 
64.5 -2.4 10.1 103.37 10.38 
65.1 -2.3 9.8 103.21 10.07 
65.3 -2.2 10.1 102.29 10.34 
64.5 -2.5 10.1 103.90 10.40 
65.4 -2.3 10.0 102.95 10.26 
64.2 -2.4 9.8 103.76 10.09 
65.9 -2.0 9.2 102.26 9.41 
65.1 -2.2 9.9 102.53 10.14 
65.6 -2.1 10.2 101. 63 10.41 
64.5 -2.4 10.5 102.88 10.77 
65.8 -2.2 10.9 101. 41 11.12 
64.8 -2.2 10.2 102.17 10.43 
66.0 -2.1 10.3 101. 52 10.51 
65.7 -2.1 9.8 102.09 10.02 
65.8 -2.1 10.3 101. 52 10.51 
65.9 -2.2 10.6 101.73 10.83 
65.4 -2.2 9.5 103.04 9.75 
65.6 -2.1 9.9 101.98 10.12 
MINIMUM 100.78 9.41 
MAXIMUM 104.04 11.12 
MEAN 102.30 10.37 
STANDARD DEVIATION 0.91 0.35 
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Table 4 
HERCULITE XR SEVEN DAY UV LIGHT 
L* a* b* h(ab)* C(ab)* 
65.2 -2.0 10.2 101.09 10.39 
64.3 -3.0 13.8 102.26 13.94 
63.9 -3.1 13.5 102.93 13.83 
65.1 -2.7 14.8 100.34 15.12 
63.5 -2.9 13.9 101.78 14.16 
64.7 -2.9 14.4 101.39 14.69 
63.0 -2.9 13.1 102.48 13.42 
65.5 -2.9 15.2 100.80 15.47 
65.0 -2.9 14.7 101.16 14.98 
64.7 -2.8 15.1 100.51 15.38 
63.8 -3.3 14.1 103.17 14.38 
64.5 -3.1 14.3 102.23 14.68 
63.7 -3.2 13.6 103.24 13.95 
64.2 -3.2 13.5 103.34 13.87 
64.9 -3.0 14.8 101.46 15.14 
63.8 -3.4 13.8 103.84 14.12 
64.5 -3.0 13.9 102.18 14.31 
63.4 -3.3 13.5 103.74 13.83 
64.8 -2.9 14.0 101.70 14.38 
64.7 -3.l 14.3 102.23 14.59 
65.5 -2.8 15.5 100.24 15.81 
63.7 -3.2 14.2 102.70 14.47 
65.4 -2.9 15.3 100.73 15.63 
64.2 -3.0 14.0 102.09 14.30 
65.7 -2.7 15.3 100.01 15.59 
65.8 -3.0 15.3 101. 09 15.54 
65.5 -2.8 15.1 100.51 15.40 
65.8 -2.9 15.7 100.47 15.95 
64.8 -3.1 14.2 102.32 14.49 
64.6 -2.9 14.3 101.46 14.63 
MINIMUM 100.01 10.39 
MAXIMUM 103.84 15.95 
MEAN 101.78 14.55 
STANDARD DEVIATION 1.08 1.02 
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Table 5 
HER CU LITE XR 
SAMPLE L* L* a• a• 
MEAN STD. DEV. MEAN STD. DEV. 
INITIAL 65.770 0.593 -2.337 0.171 
DARK 1 DAY 65.793 0.615 -2.637 0.251 
UV 1 DAY 65.167 0.614 -2.207 0.146 
UV 7 DAYS 64.607 0.769 -2.963 0.253 
L* a• 
TU KEY P=.05 0.439 0.142 
TU KEY P=.01 0.536 0.173 
SAMPLE b* b* DELTA E* DELTA E* 
MEAN STD. DEV. MEAN STD. DEV. 
INITIAL 10.433 0.562 58.003 0.539 
DARK 1 DAY 10.303 0.581 57.883 0.616 
UV 1 DAY 10.130 0.370 58.650 0.532 
UV 7 DAYS 14.247 1. 030 58.137 0.729 
b* DELTA E* 
TUKEY P=.05 0.458 0.410 
TU KEY P=.01 - 0.560 0.501 
SAMPLE h(ab)* h(ab)* C(ab)* C(ab)* 
MEAN STD. DEV. MEAN STD. DEV. 
INITIAL 102.633 0.808 10.693 0.558 
DARK 1 DAY 104.356 1.114 10.637 0.587 
UV 1 DAY 102.303 0.913 10.369 0.354 
UV 7 DAYS 101.783 1. 076 14.548 1.020 
h(ab)* C(ab)* 
TU KEY P=.05 0.675 0.459 
TU KEY P=.01 0.824 0.560 
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Table 6 
HERCULITE XR - INITIAL 
DOMINANT EXCITATION 
WAVELENGTH PURITY 
y x y ( nm ) ( % ) 
35.3 0.330 0.342 574.0 12.3 
34.8 0.332 0.346 573.4 13.8 
34.2 0.331 0.345 573.2 13.4 
35.1 0.333 0.347 573.5 14.4 
33.9 0.333 0.346 574.0 14.1 
35.8 0.331 0.344 573.6 13.0 
33.6 0.330 0.344 573.0 12.8 
35.6 0.332 0.345 573.9 13.7 
36.0 0.332 0.346 573.4 13.8 
35.1 0.331 0.344 573.6 13.0 
34.2 0.329 0.342 573.3 12.0 
35.9 0.332 0.345 573.9 13.7 
34.5 0.330 0.344 573.0 12.8 
34.9 0.331 0.344 573.6 13.0 
35.2 0.330 0.342 574.0 12.3 
34.4 0.331 0.345 573.2 13.4 
35.6 0.331 0.344 573.6 13.0 
33.9 0.330 0.343 573.5 12.3 
35.9 0.331 0.344 573.6 13.0 
35.1 0.330 0.342 574.0 12.3 
35.9 0.333 0.346 574.0 14.1 
34.4 0.333 0.346 574.0 14.1 
36.0 0.332 0.345 573.9 13.7 
34.2 0.333 0.347 573.5 14.4 
36.1 0.333 0.345 572.7 13.0 
35.5 0.331 0.343 574.0 12.8 
35.8 0.330 0.343 573.5 12.3 
36.0 0.333 0.346 574.0 14.1 
35.3 0.330 0.343 573.5 12.3 
35.8 0.333 0.346 574.0 14.1 
MAXIMUM 574.0 14.4 
MINIMUM 572.7 12.0 
MEAN 573.6 13.2 
STD. DEV. 0.4 0.7 
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Table 7 
HERCULITE XR - 1 DAY DARKNESS 
DOMINANT EXCITATION 
WAVELENGTH PURITY 
y x y ( nm ) ( % ) 
35.4 0.330 0.343 573.5 12.3 
35.1 0.331 0.346 572.8 13.6 
34.6 0.330 0.345 572.6 13.0 
35.5 0.332 0.347 573.0 14.1 
33.4 0.332 0.347 573.0 14.1 
36.2 0.330 0.345 572.6 13.0 
33.1 0.329 0.343 573.0 12.3 
35.9 0.330 0.345 572.6 13.0 
35.9 0.332 0.346 573.4 13.8 
35.1 0.331 0.345 573.1 13.4 
34.1 0.328 0.342 572.6 11. 6 
35.5 0.331 0.346 572.8 13.6 
34.3 0.329 0.343 573.0 12.3 
35.0 0.330 0.344 573.0 12.8 
35.2 0.330 0.343 573.5 12.3 
34.1 0.329 0.344 572.4 12.4 
35.4 0.330 0.344 573.0 12.8 
33.9 0.329 0.343 573.0 12.3 
35.7 0.330 0.344 573.0 12.8 
34.9 0.329 0.342 573.3 12.0 
35.8 0.332 0.345 573.9 13.6 
34.l 0.332 0.346 573.4 13.8 
36.0 0.332 0.345 573.9 13.6 
34.8 0.332 0.346 573.4 13.8 
36.2 0.332 0.345 573.9 13.6 
35.6 0.330 0.343 573.5 12.3 
35.6 0.330 0.343 573.5 12.3 
36.2 0.332 0.347 572.9 14.2 
35.3 0.329 0.343 573.0 12.3 
35.8 0.332 0.346 573.4 13.8 
MAXIMUM 573.9 14.2 
MINIMUM 572.4 11. 6 
MEAN 573.1 13.0 
STD. DEV. 0.4 0.7 
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Table 8 
HERCULITE XR - 1 DAY UV LIGHT 
DOMINANT EXCITATION 
WAVELENGTH PURITY 
y x y ( nm ) ( % ) 
34.4 0.331 0.344 573.6 13.0 
34.0 0.331 0.344 573.6 13.0 
33.4 0.330 0.343 573.5 12.3 
34.6 0.332 0.344 574.2 13.4 
33.2 0.332 0.344 574.2 13.4 
34.7 0.332 0.344 574.2 13.4 
32.5 0.330 0.343 573.5 12.3 
35.1 0.331 0.343 574.0 12.8 
35.1 0.332 0.345 573.9 13.6 
34.4 0.332 0.344 574.2 13.4 
33.5 0.331 0.345 573.2 13.4 
34.7 0.332 0.345 573.9 13.6 
33.5 0.331 0.344 573.6 13.0 
34.2 0.330 0.343 573.5 12.3 
34.5 0.331 0.344 573.6 13.0 
33.5 0.330 0.344 573.0 12.8 
34.6 0.330 0.344 573.0 12.8 
33.1 0.330 0.344 573.0 12.8 
35.2 0.329 0.341 573.9 11. 6 
34.3 0.330 0.343 573.5 12.3 
34.9 0.331 0.344 573.6 13.0 
33.5 0.332 0.345 573.9 13.6 
35.2 0.333 0.346 574.0 14.1 
33.9 0.331 0.344 573.6 13.0 
35.4 0.331 0.344 573.6 13.0 
35.0 0.330 0.343 573.5 12.3 
35.1 0.332 0.344 574.2 13.4 
35.3 0.332 0.345 573.9 13.6 
34.7 0.329 0.342 573.2 12.0 
34.9 0.331 0.343 574.0 12.8 
MAXIMUM 574.2 14.1 
MINIMUM 573.0 11.6 
MEAN 573.7 13.0 
STD. DEV. 0.4 0.6 
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Table 9 
HERCULITE XR - 7 DAY UV LIGHT 
DOMINANT EXCITATION 
WAVELENGTH PURITY 
y x y ( nm ) ( % ) 
34.4 0.331 0.344 573.6 13.0 
33.2 0.339 0.355 573.6 18.2 
32.7 0.338 0.354 573.5 17.6 
34.3 0.342 0.357 574.1 19.5 
32.3 0.340 0.355 574.0 18.3 
33.8 0.340 0.356 573.8 18.7 
31. 7 0.338 0.354 573.5 17.6 
34.8 0.342 0.357 574.1 19.5 
34.2 0.341 0.357 573.9 19.1 
33.8 0.342 0.357 574.1 19.5 
32.7 0.340 0.356 573.8 18.7 
33.5 0.340 0.356 573.8 18.7 
32.6 0.338 0.355 573.1 17.9 
33.1 0.338 0.354 573.5 17.6 
34.0 0.341 0.357 573.9 19.1 
32.7 0.338 0.355 573.1 17.9 
33.5 0.339 0.355 573.6 18.2 
32.2 0.338 0.354 573.5 17.6 
33.9 0.339 0.355 573.6 18.2 
33.7 0.340 0.356 573.8 18.7 
34.7 0.343 0.358 574.3 20.0 
32.6 0.340 0.356 573.8 18.7 
34.7 0.342 0.358 574.0 19.8 
33.1 0.339 0.355 573.6 18.2 
35.0 0.343 0.357 574.6 19.8 
35.1 0.342 0.358 574.0 19.8 
34.8 0.342 0.357 574.1 19.5 
35.2 0.343 0.359 574.0 20.3 
33.8 0.339 0.356 573.2 18.3 
33.6 0.340 0.356 573.8 18.7 
MAXIMUM 574.6 20.3 
MINIMUM 573.1 13.0 
MEAN 573.8 18.6 
STD. DEV. 0.3 1.3 
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Table 10 
HERCULITE XR 
TIME DELTA DELTA DELTA DELTA 
PERIODS E* L* C(ab)* H(ab)* 
INITIAL TO 0.328 -0.023 0.056 0.322 
DARK 1 DAY 
INITIAL TO 0.687 0.603 0.324 0.058 
UV 1 DAY 
INITIAL TO 4.036 1.163 -3.855 0.275 
UV 7 DAYS 
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Table 11 
SI LUX INITIAL 
L* a* b* h(ab)* C(ab)* 
67.1 -4.6 12.0 110.97 12.85 
67.2 -4.5 11.3 111.71 12.16 
67.0 -4.4 11.3 111. 27 12.13 
67.5 -4.3 10.3 112.66 11.16 
67.0 -4.6 11.2 112.33 12.11 
66.7 -4.5 10.7 112.81 11.61 
66.8 -4.6 10.9 112.88 11.83 
67.6 -4.5 12.6 109.65 13.38 
66.7 -4.7 11.4 112.41 12.33 
67.4 -4.6 12.2 110.66 13.04 
67.1 -4.7 11.9 111.55 12.79 
67.3 -4.7 11. 7 111.89 12.61 
67.2 -4.4 12.2 109.83 12.97 
67.3 -4.8 11.9 111. 97 12.83 
67.1 -4.8 11.8 112.14 12.74 
67.1 -4.7 11. 5 112.23 12.42 
66.8 -4.6 10.9 112.88 11.83 
67.3 -4.5 11. 7 111. 04 12.54 
66.7 -4.6 10.6 113.46 11.56 
67.2 -4.7 12.0 111.39 12.89 
67.2 -4.6 12.2 110.66 13.04 
67.8 -4.6 12.9 109.63 13.70 
67.8 -4.5 12.9 109.23 13.66 
67.3 -4.7 12.4 110.76 13.26 
67.0 -4.5 11.0 112.25 11.88 
67.4 -4.4 12.0 110.14 12.78 
67.1 -4.6 12.7 109.91 13.51 
68.0 -4.1 11.9 109.01 12.59 
67.0 -4.3 12.2 109.42 12.94 
67.0 -4.5 11.8 110.87 12.63 
MINIMUM 109.01 11.16 
MAXIMUM 113.46 13.70 
MEAN 111.25 12.59 
STANDARD DEVIATION 1.22 0.63 
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Table 12 
SI LUX ONE DAY DARKNESS 
L* a* b* h(ab)* C(ab)* 
67.2 -4.9 12.2 111.88 13.15 
67.2 -4.8 11.6 112.48 12.55 
67.1 -4.7 11.4 112.41 12.33 
67.6 -4.6 10.6 113.46 11.56 
67.1 -4.8 11. 7 112.31 12.65 
66.8 -4.9 11.0 114.01 12.04 
66.9 -4.8 11.2 113.20 12.19 
67.6 -4.9 12.9 110.80 13.80 
66.8 -5.1 11. 7 113.55 12.76 
67.5 -4.9 12.4 111.56 13.33 
67.1 -5.1 12.2 112.69 13.22 
67.4 -5.2 12.1 113.26 13.17 
67.4 -4.7 12.5 110.61 13.35 
67.2 -5.2 12.4 112.75 13.45 
67.0 -5.2 12.2 113.09 13.26 
67.1 -5.4 12.2 113.88 13.34 
66.9 -5.2 11.5 114.33 12.62 
67.4 -5.1 12.2 112.69 13.22 
66.9 -5.2 11.2 114.90 12.35 
67.3 -5.3 12.6 112.81 13.67 
67.2 -5.2 12.6 112.43 13.63 
68.0 -5.2 13.5 111.07 14.47 
68.l -5.0 13.4 110.46 14.30 
67.4 -5.3 13.0 112.18 14.04 
67.2 -5.3 11. 6 114.56 12.75 
67.6 -5.3 12.6 112.81 13.67 
67.2 -5.5 13.2 112.62 14.30 
68.2 -5.3 12.6 112.81 13.67 
67.4 -5.4 12.8 112.87 13.89 
67.2 -5.6 12.3 114.48 13.51 
MINIMUM 110.46 11.56 
MAXIMUM 114.90 14.47 
MEAN 112.76 13.21 
STANDARD DEVIATION 1.12 0.70 
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Table 13 
SI LUX ONE DAY UV LIGHT 
L* a* b* h(ab)* C(ab)* 
66.8 -4.7 11.3 112.58 12.24 
66.6 -4.9 11.6 112.90 12.59 
66.5 -4.8 11.0 113.57 12.00 
66.9 -4.7 10.8 113.52 11.78 
66.5 -4.7 11. 0 113.14 11.96 
66.4 -5.3 10.9 115.93 12.12 
66.2 -4.9 11.2 113.63 12.22 
67.2 -4.7 12.2 111.07 13.07 
66.3 -5.0 11.0 114.44 12.08 
66.9 -4.8 11. 6 112.48 12.55 
66.7 -4.9 11. 3 113.44 12.32 
66.9 -4.9 11. 3 113.44 12.32 
66.9 -4.6 11. 7 111. 46 12.57 
66.8 -5.0 11.4 113.68 12.45 
66.7 -5.2 11.5 114.33 12.62 
66.6 -5.2 11.4 114.52 12.53 
66.4 -5.2 11.1 115.10 12.26 
66.8 -5.1 11.9 113.20 12.95 
66.3 -5.2 10.9 115.50 12.08 
65.8 -3.8 11. l 108.90 11.73 
66.7 -5.0 11. 8 112.96 12.82 
67.3 -4.9 12.4 111.56 13.33 
67.5 -4.8 12.4 111.16 13.30 
66.8 -5.0 12.0 112.62 13.00 
66.5 -5.1 11.0 114.87 12.12 
66.9 -5.1 12.1 112.85 13.13 
66.7 -5.0 12.0 112.62 13.00 
67.4 -5.0 12.1 112.45 13.09 
66.9 -4.9 11.8 112.55 12.78 
66.7 -5.2 11.3 114.71 12.44 
MINIMUM 108.90 11. 73 
MAXIMUM 115.93 13.33 
MEAN 113.17 12.52 
STANDARD DEVIATION 1.44 0.44 
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Table 14 
SI LUX SEVEN DAY UV LIGHT 
L* a* b* h(ab)* C(ab)* 
65.7 -4.8 13.9 109.05 14.71 
65.5 -4.8 14.0 108.92 14.80 
65.4 -4.7 13.5 109.20 14.33 
65.9 -4.8 13.1 110.12 13.92 
65.4 -4.8 13.4 109.71 14.23 
65.2 -5.0 13.4 110.46 14.23 
65.2 -5.1 13.6 110.56 14.49 
66.0 -4.9 14.8 108.32 15.65 
65.1 -5.0 13.7 110.05 14.55 
65.7 -4.9 13.9 109.42 14.77 
65.5 -5.1 13.9 110.15 14.74 
65.7 -5.3 13.9 110.87 14.81 
65.8 -4.7 14.1 108.43 15.06 
65.6 -5.3 14.2 110.47 14.96 
65.5 -5.3 14.0 110.74 14.97 
65.3 -5.3 14.1 110.60 15.06 
65.2 -5.2 13.6 110.92 14.60 
65.6 -4.9 14.4 108.79 15.31 
65.2 -5.1 13.4 110.84 14.27 
65.5 -5.0 14.3 109.27 15.18 
65.5 -5.0 14.3 109.27 15.15 
66.0 -4.9 15.0 108.09 15.81 
66.2 -4.8 14.9 107.86 15.69 
65.5 -5.1 14.6 109.26 15.37 
65.4 -5.2 13.5 111.07 14.43 
65.7 -5.1 14.5 109.38 15.40 
65.4 -5.0 14.7 108.79 15.56 
66.1 -5.0 14.7 108.79 15.53 
65.6 -4.8 14.4 108.43 15.24 
65.5 -5.3 14.1 110.60 14.89 
MINIMUM 107.86 13.92 
MAXIMUM 111. 07 15.81 
MEAN 109.61 14.92 
STANDARD DEVIATION 0.94 0.49 
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Table 15 
SI LUX 
SAMPLE L* L* a* a* 
MEAN STD. DEV. MEAN STD. DEV. 
INITIAL 67.190 0.324 -4.553 0.155 
DARK 1 DAY 67.300 0.352 -5.103 0.254 
UV 1 DAY 66.720 0.358 -4.920 0.280 
UV 7 DAYS 65.563 0.280 -5.007 0.189 
L* a* 
TU KEY P=.05 0.222 0.151 
TU KEY P=.01 0.271 0.185 
SAMPLE b* b* DELTA E* DELTA E* 
MEAN STD. DEV. MEAN STD. DEV. 
INITIAL 11. 737 0.674 55.583 0.366 
DARK 1 DAY 12.180 0.714 55.187 0.431 
UV 1 DAY 11.503 0.475 55.903 0.418 
UV 7 DAYS 14.063 0.503 56.477 0.297 
b* DELTA E* 
TUKEY P=.05 0.404 0.257 
TUKEY P=.01 0.494 0.314 
SAMPLE h(ab)* h(ab)* C(ab)* C(ab)* 
MEAN STD. DEV. MEAN STD. DEV. 
INITIAL 111. 250 1.220 12.590 0.630 
DARK 1 DAY 112.760 1.120 13.210 0.700 
UV 1 DAY 113.170 1.440 12.520 0.440 
UV 7 DAYS 109.610 0.940 14.920 0.490 
h(ab)* C(ab)* 
TU KEY P=.05 0.819 0.389 
TU KEY P=.01 1.000 0.476 
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Table 16 
SI LUX INITIAL 
DOMINANT EXCITATION 
WAVELENGTH PURITY 
y x y ( nm ) ( % ) 
36.9 0.330 0.350 570.4 14.3 
37.0 0.329 0.348 570.7 13.7 
36.8 0.329 0.348 570.7 13.7 
37.4 0.327 0.346 570.0 12.3 
36.7 0.329 0.348 570.7 13.7 
36.4 0.328 0.347 570.2 13.0 
36.5 0.328 0.348 570.0 13.2 
37.6 0.332 0.352 571.0 15.5 
36.3 0.329 0.349 570.1 14.0 
37.3 0.331 0.351 570.9 14.9 
36.8 0.330 0.350 570.4 14.3 
37.2 0.330 0.349 571. 0 14.2 
37.0 0.331 0.350 571. 2 14.6 
37.2 0.330 0.350 570.4 14.3 
36.9 0.330 0.350 570.4 14.3 
36.8 0.329 0.349 570.1 14.0 
36.4 0.328 0.348 570.0 13.2 
37.1 0.330 0.349 571. 0 14.2 
36.3 0.327 0.347 569.9 12.9 
37.0 0.330 0.350 570.4 14.3 
37.0 0.331 0.351 570.9 14.9 
37.8 0.333 0.352 571. 8 15.8 
37.8 0.333 0.352 571.8 15.8 
37.1 0.331 0.351 570.9 14.9 
36.7 0.328 0.348 570.0 13.2 
37.3 0.331 0.350 571.2 14.6 
36.9 0.332 0.352 571.0 15.5 
38.1 0.331 0.349 571.8 14.4 
36.8 0.332 0.351 571.4 15.2 
36.7 0.330 0.350 570.4 14.3 
MAXIMUM 571.8 15.8 
MINIMUM 569.9 12.3 
MEAN 570.7 14.2 
STD. DEV. 0.6 0.9 
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Table 17 
SI LUX 1 DAY DARKNESS 
DOMINANT EXCITATION 
WAVELENGTH PURITY 
y x y ( nm ) ( % ) 
37.0 0.330 0.351 570.1 14.5 
37.1 0.329 0.349 570.1 14.0 
36.8 0.329 0.349 570.1 14.0 
37.5 0.327 0.346 570.0 12.4 
36.9 0.329 0.350 570.0 14.2 
36.5 0.328 0.348 570.0 13.4 
36.6 0.328 0.349 569.8 13.6 
37.6 0.332 0.353 570.7 15.8 
36.4 0.329 0.350 570.0 14.2 
37.4 0.331 0.351 570.9 15.0 
36.8 0.330 0.351 570.1 14.5 
37.2 0.330 0.351 570.1 14.5 
37.3 0.332 0.352 571. 0 15.5 
37.0 0.330 0.352 570.0 15.0 
36.7 0.330 0.351 570.1 14.5 
36.9 0.330 0.352 570.0 15.0 
36.7 0.328 0.350 569.1 14.0 
37.3 0.330 0.351 570.1 14.5 
36.6 0.328 0.349 569.8 13.6 
37.2 0.331 0.352 570.4 15.2 
37.1 0.331 0.352 570.4 15.2 
38.0 0.333 0.354 569.2 15.5 
38.2 0.333 0.354 569.2 15.5 
37.3 0.331 0.353 570.0 15.4 
37.0 0.328 0.350 569.1 14.0 
37.5 0.331 0.352 570.4 15.2 
37.1 0.332 0.354 570.4 16.0 
38.4 0.331 0.352 570.4 15.2 
37.3 0.331 0.353 570.0 15.4 
37.0 0.329 0.352 569.1 14.7 
MAXIMUM 571.0 16.0 
MINIMUM 569.1 12.4 
MEAN 570.0 14.7 
STD. DEV. 0.5 0.8 
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Table 18 
SI LUX 1 DAY UV LIGHT 
DOMINANT EXCITATION 
WAVELENGTH PURITY 
y x y ( run ) ( % ) 
36.5 0.329 0.349 570.1 14.0 
36.2 0.329 0.350 570.0 14.1 
36.1 0.328 0.348 570.0 13.4 
36.7 0.327 0.347 569.9 12.9 
36.1 0.328 0.348 570.0 13.4 
35.9 0.327 0.349 569.0 13.3 
35.7 0.328 0.349 569.8 13.7 
37.0 0.331 0.351 570.9 14.9 
35.8 0.328 0.348 570.0 13.4 
36.6 0.329 0.349 570.1 14. 0 
36.3 0.328 0.349 569.8 13.7 
36.6 0.328 0.349 569.8 13.7 
36.5 0.330 0.350 570.4 14.4 
36.5 0.328 0.349 569.8 13.7 
36.3 0.328 0.350 569.2 13.9 
36.2 0.328 0.350 569.2 13.9 
36.0 0.327 0.349 569.0 13.3 
36.4 0.329 0.351 569.6 14.4 
35.8 0.327 0.348 569.4 13.1 
35.1 0.330 0.348 571.2 13.9 
36.4 0.330 0.350 570.4 14.4 
37.2 0.331 0.352 570.2 15.2 
37.4 0.331 0.351 570.9 14.9 
36.5 0.330 0.351 570.1 14.6 
36.1 0.327 0.348 569.4 13.1 
36.7 0.330 0.351 570.1 14.6 
36.3 0.330 0.351 570.1 14.6 
37.3 0.330 0.351 570.1 14.6 
36.6 0.330 0.350 570.4 14.4 
36.3 0.328 0.349 569.8 13.7 
MAXIMUM 571.2 15.2 
MINIMUM 569.0 12.9 
MEAN 570.0 14.0 
STD. DEV. 0.5 0.6 
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Table 19 
SI LUX 7 DAY UV LIGHT 
DOMINANT EXCITATION 
WAVELENGTH PURITY 
y x y ( nm ) ( % ) 
35.0 0.335 0.356 571.2 17.2 
34.7 0.335 0.357 571.0 17.6 
34.6 0.334 0.355 571.1 16.8 
35.3 0.333 0.354 571.0 16.3 
34.7 0.334 0.335 581.0 11.4 
34.4 0.334 0.355 571.1 16.8 
34.4 0.334 0.356 570.9 17.0 
35.5 0.337 0.358 571.9 18.3 
34.3 0.334 0.356 570.9 17.0 
35.0 0.335 0.356 571.2 17.2 
34.8 0.335 0.357 571. 0 17.6 
35.1 0.334 0.357 570.5 17.4 
35.2 0.336 0.357 571. 6 17.9 
35.0 0.335 0.357 571. 0 17.6 
34.7 0.335 0.357 571. 0 17.6 
34.6 0.335 0.357 571.0 17.6 
34.4 0.334 0.356 570.9 17.0 
35.0 0.336 0.358 571.1 18.2 
34.4 0.333 0.355 569.0 15.8 
34.8 0.336 0.357 571.6 17.9 
34.8 0.336 0.357 571.6 17.9 
35.5 0.337 0.359 571.5 18.7 
35.7 0.337 0.358 571.9 18.3 
34.8 0.336 0.358 571.1 18.2 
34.7 0.333 0.356 570.3 16.7 
35.0 0.336 0.358 571.1 18.2 
34.7 0.337 0.359 571.5 18.7 
35.5 0.337 o. 358 571.9 18.3 
34.9 0.336 0.357 571.6 17.9 
34.8 0.335 0.357 571.0 17.6 
MAXIMUM 581.0 18.7 
MINIMUM 569.0 11.4 
MEAN 571.5 17.4 
STD. DEV. 1.9 1.3 
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Table 20 
SI LUX 
TIME DELTA DELTA DELTA DELTA 
PERIODS E* L* C(ab)* H(ab)* 
INITIAL TO 0.715 -0.110 -0.620 0.339 
DARK 1 DAY 
INITIAL TO 0.641 0.470 0.070 0.430 
UV 1 DAY 
INITIAL TO 2.875 1.627 -2.330 0.435 
UV 7 DAYS 
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Table 21 
SILAR INITIAL 
L* a* b* h(ab)* C(ab)* 
70.0 -3.3 3.3 135.00 4.67 
70.0 -3.5 3.1 138.47 4.68 
70.2 -3.4 3.3 135.86 4.74 
69.6 -3.5 2.7 142.35 4.42 
69.8 -3.3 2.1 147.53 3.91 
70.2 -3.0 2.1 145.01 3.66 
70.5 -3.2 2.1 146.73 3.83 
69.6 -3.2 2.2 145.49 3.88 
70.3 -3.2 3.4 133.26 4.67 
69.9 -3.3 2.6 141.77 4.20 
70.3 -3.2 2.6 140.91 4.12 
70.2 -3.3 2.6 141. 77 4.20 
70.3 -3.3 2.3 145.12 4.02 
70.0 -3.3 2.7 140.71 4.26 
70.0 -3.4 2.1 148.30 4.00 
70.1 -3.4 3.1 137.64 4.60 
70.1 -3.3 1.8 151.39 3.76 
70.3 -3.3 2.4 143.97 4.08 
70.3 -3.2 2.2 145.49 3.88 
70.1 -3.2 2.3 144.29 3.94 
70.4 -3.1 2.5 141.12 3.98 
70.5 -3.2 2.3 144.29 3.94 
70.0 -3.2 2.4 143.13 4.00 
70.2 -3.2 2.3 144.29 3.94 
72.3 -2.9 4.1 125.27 5.02 
69.8 -3.4 2.6 142.59 4.28 
70.5 -3.2 2.5 142.00 4.06 
70.0 -3.3 2.6 141.77 4.20 
70.0 -3.3 2.8 139.69 4.33 
70.7 -3.1 3.2 134.09 4.46 
MINIMUM 125.27 3.66 
MAXIMUM 151.39 5.02 
MEAN 141. 64 4.19 
STANDARD DEVIATION 5.12 0.33 
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Table 22 
SILAR ONE DAY DARKNESS 
L* a* b* h(ab)* C(ab)* 
70.1 -3.5 3.4 135.83 4.88 
70.2 -3.6 3.3 137.49 4.88 
70.3 -3.4 3.5 134.17 4.88 
69.8 -3.5 3.0 139.40 4.61 
69.8 -3.2 2.4 143.13 4.00 
70.3 -3.1 2.5 141.12 3.98 
70.6 -3.2 2.5 142.00 4.06 
69.7 -3.1 2.4 142.25 3.92 
70.3 -3.2 3.7 130.86 4.89 
70.1 -3.2 3.1 135.91 4.46 
70.2 -3.1 3.0 135.94 4.31 
70.2 -3.2 3.0 136.85 4.39 
70.3 -3.2 2.7 139.84 4.19 
69.8 -3.3 3.0 137.73 4.46 
69.9 -3.2 2.3 144.29 3.94 
70.2 -3.3 3.3 135.00 4.67 
70.1 -3.2 2.2 145.49 3.88 
70.3 -3.2 2.7 139.84 4.19 
70.4 -3.2 2.7 139.84 4.19 
70.2 -3.4 3.1 137.64 4.60 
70.4 -3.0 2.9 135.97 4.17 
70.5 -3.2 2.7 139.84 4.19 
70.2 -3.3 3.3 135.00 4.67 
70.2 -3.3 3.0 137.73 4.46 
72.2 -3.1 5.1 121. 29 5.97 
69.9 -3.3 3.1 136.79 4.53 
70.6 -3.0 2.8 136.97 4.10 
70.1 -3.3 2.8 139.69 4.33 
70.1 -3.1 3.0 135.94 4.31 
70.8 -3.1 3.7 129.96 4.83 
MINIMUM 121.29 3.88 
MAXIMUM 145.49 5.97 
MEAN 137.46 4.43 
STANDARD DEVIATION 4.58 0.42 
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Table 23 
SILAR ONE DAY UV LIGHT 
L* a* b* h(ab)* C(ab)* 
68.7 -4.1 6.9 120.72 8.03 
68.6 -4.2 6.7 122.08 7.91 
68.7 -4.2 6.9 121.33 8.08 
68.4 -4.3 6.2 124.74 7.55 
68.7 -4.0 5.2 127.57 6.56 
69.1 -3.8 5.6 124.16 6.77 
68.9 -4.2 6.1 124.55 7.41 
68.5 -4.2 5.9 125.45 7.24 
68.8 -4.3 7.2 120.85 8.39 
69.l -4.1 6.1 123.91 7.35 
68.9 -4.3 6.8 122.31 8.05 
69.4 -3.4 3.2 136.74 4.67 
69.2 -4.2 5.9 125.45 7.24 
68.7 -4.4 6.8 122.91 8.10 
68.9 -4.1 5.4 127.21 6.78 
69.1 -4.3 6.8 122.31 8.05 
68.5 -4.5 6.3 125.54 7.74 
68.8 -4.6 6.9 123.69 8.29 
68.8 -4.4 6.7 123.29 8.02 
69.0 -4.3 5.8 126.55 7.22 
69.5 -4.1 5.7 125.73 7.02 
69.3 -4.3 6.3 124.32 7.63 
69.1 -4.3 6.2 124.74 7.55 
68.8 -4.6 6.7 124.47 8.13 
71.1 -4.0 7.9 116.85 8.85 
68.5 -4.5 6.9 123.11 8.24 
69.l -4.5 7.0 122.74 8.32 
69.2 -4.4 6.0 126.25 7.44 
69.0 -4.4 6.8 122.91 8.10 
69.1 -4.5 7.5 120.96 8.75 
MINIMUM 116.85 4.67 
MAXIMUM 136.74 8.85 
MEAN 124.11 7.65 
STANDARD DEVIATION 3.22 0.79 
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Table 24 
SILAR SEVEN DAY UV LIGHT 
L* a* b* h(ab)* C(ab)* 
67.2 -4.1 11.8 109.16 12.49 
67.0 -4.2 12.1 109.14 12.78 
67.2 -4.3 12.1 109.56 12.81 
67.0 -4.3 11.9 109.87 12.65 
66.8 -4.3 11.1 111.18 11.90 
67.3 -4.2 11.4 110.22 12.18 
67.5 -4.5 11. 7 111.04 12.43 
66.8 -4.6 11. 7 111. 46 12.54 
67.3 -4.2 12.8 108.17 13.60 
67.4 -4.3 12.1 109.56 12.81 
67.4 -4.5 12.3 110.10 13.03 
67.3 -4.6 12.2 110.66 13.00 
67.4 -4.7 11.8 111.72 12.66 
67.2 -4.7 11.5 112.23 12.42 
67.5 -4.5 10.7 112.81 11.69 
67.5 -4.7 12.6 110.46 13.38 
67.0 -4.7 11.4 112.41 12.33 
67.3 -4.7 12.2 111. 07 13.07 
67.3 -4.7 12.0 111. 39 12.89 
67.1 -4.3 11.7 110.18 12.61 
67.5 -4.1 11.3 109.94 12.09 
67.5 -4.3 11.9 109.87 12.59 
67.1 -4.3 11.9 109.87 12.65 
67.0 -4.5 11.8 110.87 12.56 
69.0 -4.1 13.3 107.13 14.04 
67.0 -4.5 11. 7 111.04 12.40 
67.3 -4.6 11.9 111.13 12.72 
67.3 -4.3 11.8 110.02 12.66 
67.3 -4.4 12.2 109.83 12.94 
67.3 -4.4 12.3 109.68 13.06 
MINIMUM 107.13 11. 69 
MAXIMUM 112.81 14.04 
MEAN 110.39 12.70 
STANDARD DEVIATION 1.18 0.46 
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Table 25 
SILAR 
SAMPLE L* L* a* a* 
MEAN STD. DEV. MEAN STD. DEV. 
INITIAL 70.207 0.472 -3.257 0.130 
DARK 1 DAY 70.260 0.445 -3.233 0.142 
UV 1 DAY 68.983 0.486 -4.250 0.246 
UV 7 DAYS 67.293 0.380 -4.420 0.201 
L* a* 
TU KEY P=.05 0.301 0.125 
TUKEY P=.01 0.368 0.153 
SAMPLE b* b* DELTA E* DELTA E* 
MEAN STD. DEV. MEAN STD. DEV. 
INITIAL 2.610 0.499 55.937 0.457 
DARK 1 DAY 3.007 0.554 55.767 0.500 
UV 1 DAY 6.347 0.859 55.397 0.522 
UV 7 DAYS 11.907 0.501 55.510 0.391 
b* DELTA E* 
TU KEY P=.05 0.418 0.316 
TU KEY P=.01 0.511 0.386 
SAMPLE h(ab)* h(ab)* C(ab)* C(ab)* 
MEAN STD. DEV. MEAN STD. DEV. 
INITIAL 141.640 5.120 4.190 0.330 
DARK 1 DAY 137.460 4.580 4.430 0.420 
UV 1 DAY 124.110 3.220 7.650 0.790 
UV 7 DAYS 110.390 1.180 12.700 0.460 
h(ab)* C(ab)* 
TUKEY P=.05 2.629 0.362 
TUKEY P=.01 3.212 0.442 
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Table 26 
SILAR INITIAL 
DOMINANT EXCITATION 
WAVELENGTH PURITY 
y x y ( nm ) ( % ) 
40.8 0.312 0.327 558.8 3.3 
40.8 0.311 0.326 555.0 2.8 
41.1 0.312 0.327 558.8 3.3 
40.3 0.310 0.325 555.0 2.3 
40.6 0.309 0.324 542.9 1. 8 
41.1 0.310 0.324 550.0 2.0 
41.5 0.309 0.324 542.9 1.8 
40.3 0.309 0.324 542.9 1. 8 
41. 2 0.312 0.327 558.8 3.3 
40.7 0.310 0.325 555.0 2.3 
41. 3 0.311 0.325 555.7 2.4 
41.1 0.310 0.325 555.0 2.3 
41.2 0.310 0.324 550.0 2.0 
40.8 0.310 0.325 555.0 2.3 
40.8 0.309 0.324 542.9 1.8 
40.9 0.311 0.326 555.0 2.8 
40.9 0.308 0.323 530.0 1. 4 
41.2 0.310 0.324 550.0 2.0 
41. 3 0.310 0.324 550.0 2.0 
40.9 0.310 0.324 550.0 2.0 
41.4 0.310 0.324 550.0 2.0 
41. 5 0.310 0.324 550.0 2.0 
40.9 0.310 0.324 550.0 2.0 
41.1 0.310 0.324 550.0 2.0 
44.2 0.314 0.328 564.1 4.2 
40.6 0.310 0.325 555.0 2.3 
41. 6 0.310 0.325 555.0 2.3 
40.8 0.310 0.325 555.0 2.3 
40.9 0.311 0.325 555.7 2.4 
41.8 0.312 0.326 560.0 3.2 
MAXIMUM 564.1 4.2 
MINIMUM 530.0 1.4 
MEAN 552.0 2.3 
STD. DEV. 6.6 0.6 
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Table 27 
SILAR 1 DAY DARKNESS 
DOMINANT EXCITATION 
WAVELENGTH PURITY 
y x y ( nm ) ( ~ 0 ) 
41. 0 0.312 0.327 558.8 3.3 
41.1 0.311 0.327 555.0 3.2 
41.3 0.312 0.327 558.8 3.3 
40.5 0.311 0.326 555.0 2.8 
40.6 0.310 0.324 550.0 2.0 
41. 3 0.310 0.324 550.0 2.0 
41. 6 0.310 0.324 550.0 2.0 
40.5 0.310 0.324 550.0 2.0 
41.3 0.313 0.327 561.6 3.7 
41. 0 0.312 0.326 560.0 3.2 
41.2 0.311 0.326 555.0 2.8 
41.1 0.311 0.326 555.0 2.8 
41.2 0.311 0.325 555.7 2.4 
40.6 0.311 0.326 555.0 2.8 
40.7 0.310 0.324 550.0 2.0 
41.1 0.312 0.326 560.0 3.2 
41. 0 0.310 0.324 550.0 2.0 
41.2 0.311 0.325 555.7 2.4 
41.4 0.311 0.325 555.7 2.4 
41.1 0.311 0.326 555.0 2.8 
41.4 0.311 0.325 555.7 2.4 
41.5 0.311 0.325 555.7 2.4 
41.1 0.312 0.326 560.0 3.2 
41.2 0.311 0.326 555.0 2.8 
44.1 0.316 0.330 566.5 5.3 
40.7 0.311 0.326 555.0 2.8 
41.7 0.311 0.325 555.7 2.4 
40.9 0.311 0.325 555.7 2.4 
41. 0 0.312 0.326 560.0 3.2 
41.9 0.313 0.327 561.6 3.7 
MAXIMUM 566.5 5.3 
MINIMUM 550.0 2.0 
MEAN 555.9 2.8 
STD. DEV. 4.0 0.7 
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Table 28 
SILAR 1 DAY UV LIGHT 
DOMINANT EXCITATION 
WAVELENGTH PURITY 
y x y ( run ) ( % ) 
39.0 0.319 0.336 567.0 7.7 
38.9 0.318 0.336 565.6 7.4 
39.0 0.319 0.336 567.0 7.7 
38.6 0.317 0.335 565.0 6.8 
39.0 0.315 0.332 562.7 5.5 
39.6 0.316 0.333 564.4 6.1 
39.4 0.317 0.334 565.6 6.6 
38.7 0.316 0.334 563.7 6.3 
39.2 0.319 0.337 566.3 7.9 
39.6 0.317 0.334 565.6 6.6 
39.3 0.318 0.336 565.6 7.4 
40.0 0.311 0.326 555.0 2.8 
39.7 0.316 0.334 563.7 6.3 
39.0 0.318 0.336 565.6 7.4 
39.4 0.315 0.333 562.6 5.8 
39.5 0.318 0.336 565.6 7.4 
38.7 0.317 0.335 565.0 6.8 
39.1 0.318 0.337 565.3 7.7 
39.2 0.318 0.336 565.6 7.4 
39.5 0.316 0.334 563.7 6.3 
40.2 0.316 0.333 564.4 6.1 
39.9 0.317 0.335 565.0 6.8 
39.7 0.317 0.335 565.0 6.8 
39.1 0.318 0.336 565.6 7.4 
42.4 0.321 0.338 568.3 8.8 
38.8 0.318 0.337 565.3 7.7 
39.6 0.319 0.337 566.3 7.9 
39.8 0.316 0.334 563.7 6.3 
39.5 0.318 0.336 565.6 7.4 
39.6 0.320 0.338 567.3 8.5 
MAXIMUM 568.3 8.8 
MINIMUM 555.0 2.8 
MEAN 564.9 6.9 
STD. DEV. 2.2 1.1 
r 
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Table 29 
SILAR 7 DAY UV LIGHT 
DOMINANT EXCITATION 
WAVELENGTH PURITY 
y x y ( run ) ( % ) 
37.0 0.331 0.349 571.4 14.3 
36.7 0.332 0.350 571.7 14.9 
37.0 0.331 0.350 571.1 14.6 
36.8 0.331 0.350 571.1 14.6 
36.5 0.329 0.348 570.6 13.6 
37.2 0.330 0.348 571.2 13.8 
37.4 0.330 0.349 570.8 14.1 
36.4 0.330 0.350 570.5 14.3 
37.2 0.333 0.352 571.6 15.7 
37.3 0.331 0.350 571.1 14.6 
37.3 0.331 0.351 570.7 14.9 
37.2 0.331 0.352 570.5 15.2 
37.3 0.330 0.350 570.5 14.3 
37.1 0.329 0.349 570.3 13.8 
37.5 0.328 0.347 570.3 13.0 
37.4 0.332 0.352 570.9 15.5 
36.7 0.329 0.349 570.3 13.8 
37.1 0.331 0.351 570.7 14.9 
37.1 0.330 0.350 570.5 14.3 
36.8 0.330 0.349 570.8 14.1 
37.5 0.330 0.348 571.2 13.8 
37.3 0.331 0.350 571.1 14.6 
36.9 0.331 0.350 571.1 14.6 
36.8 0.330 0.350 570.5 14.3 
39.4 0.334 0.352 572.0 16.0 
36.7 0.330 0.350 570.5 14.3 
37.1 0.330 0.350 570.5 14.3 
37.1 0.330 0.349 570.8 14.1 
37.1 0.331 0.350 571.1 14.6 
37.2 0.332 0.351 571.3 15.2 
MAXIMUM 572.0 16.0 
MINIMUM 570.3 13.0 
MEAN 570.9 14.5 
STD. DEV. 0.4 0.6 
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Table 30 
SILAR 
TIME DELTA DELTA DELTA DELTA 
PERIODS E* L* C(ab)* H(ab)* 
INITIAL TO 0.401 -0.053 -0.240 0.317 
DARK 1 DAY 
INITIAL TO 4.056 1.224 -3.460 1.727 
UV 1 DAY 
INITIAL TO 9.812 2.914 -8.510 3.920 
UV 7 DAYS 
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Table 31 
CONCISE INITIAL 
L* a* b* h(ab)* C(ab)* 
65.4 -1.2 7.6 98.97 7.69 
67.6 -1.4 6.7 101. 80 6.84 
67.1 -1.1 7.7 98.13 7.78 
69.3 -1.0 8.3 96.87 8.36 
68.5 -1.3 8.2 99.01 8.30 
67.5 -1.2 7.7 98.86 7.79 
66.6 -1.1 8.0 97.83 8.08 
65.4 -1.0 8.9 96.41 8.96 
65.5 -1.2 7.0 99.73 7.10 
66.7 -1.2 7.4 99.21 7.50 
66.7 -1.0 7.6 97.50 7.67 
64.5 -1. 3 6.0 102.23 6.14 
65.8 -1.2 7.0 99.73 7.10 
65.1 -1.3 6.8 100.82 6.92 
66.7 -1.3 6.9 100.67 7.02 
67.7 -1.2 7.3 99.33 7.40 
65.9 -1.2 7.6 98.97 7.69 
66.3 -1.2 7.5 99.09 7.60 
66.1 -1.3 7.1 100.38 7.22 
64.2 -1.4 6.1 102.93 6.26 
66.1 -1.4 7.0 101.31 7.14 
69.4 -1.1 8.7 97.21 8.77 
67.5 -0.7 7.6 95.26 7.63 
64.6 -1.1 6.8 99.19 6.89 
68.7 -0.9 8.3 96.19 8.35 
68.3 -0.9 7.8 96.58 7.85 
66.0 -1.1 7.1 98.81 7.18 
65.1 -1.2 6.6 100.30 6.71 
66.2 -0.9 8.2 96.26 8.25 
66.8 -1.3 7.0 100.52 7.12 
MINIMUM 95.26 6.14 
MAXIMUM 102.93 8.96 
MEAN 99.00 7.51 
STANDARD DEVIATION 1.88 0.67 
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Table 32 
CONCISE ONE DAY DARKNESS 
L* a* b* h(ab)* C(ab)* 
65.3 -1.2 8.0 98.53 8.09 
67.5 -1.4 7.0 101.31 7.14 
67.1 -1.3 8.0 99.23 8.10 
69.2 -1.1 8.6 97.29 8.67 
68.3 -1.2 8.6 97.94 8.68 
67.6 -1.2 8.2 98.33 8.29 
66.6 -1.2 8.3 98.23 8.39 
65.3 -1.1 9.3 96.75 9.36 
65.5 -1.4 7.3 100.86 7.43 
66.6 -1.2 7.7 98.86 7.79 
66.7 -1.3 8.0 99.23 8.10 
64.5 -1.5 6.3 103.39 6.48 
65.8 -1.4 7.2 101. 00 7.33 
65.3 -1.4 7.1 101.15 7.24 
66.7 -1.3 7.1 100.38 7.22 
67.8 -1.3 7.6 99.71 7.71 
66.0 -1.1 7.8 98.03 7.88 
66.3 -1.2 7.7 98.86 7.79 
66.0 -1.3 7.3 100.10 7.41 
64.2 -1.4 6.4 102.34 6.55 
66.1 -1.5 7.2 101.77 7.35 
69.6 -1.1 9.0 96.97 9.07 
67.7 -1.3 7.9 99.34 8.01 
64.7 -1.3 7.2 100.23 7.32 
68.9 -1.1 8.7 97.21 8.77 
68.4 -1.3 8.2 99.01 8.30 
66.0 -1.2 7.4 99.21 7.50 
65.3 -1.5 7.0 102.09 7.16 
66.4 -1.1 8.6 97.29 8.67 
66.9 -1.3 7.3 100.10 7.41 
MINIMUM 96.75 6.48 
MAXIMUM 103.39 9.36 
MEAN 99.49 7.84 
STANDARD DEVIATION 1.69 0.69 
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Table 33 
CONCISE ONE DAY UV LIGHT 
L* a* b* h(ab)* C(ab)* 
63.8 -1.6 11.3 98.06 11.41 
65.9 -1.8 10.8 99.46 10.95 
65.5 -1.7 11.5 98.41 11.62 
67.5 -1.6 12.2 97.47 12.30 
66.8 -1.6 12.1 97.53 12.21 
65.9 -1.7 11. 8 98.20 11.92 
65.0 -1.7 11.9 98.13 12.02 
63.7 -1.5 12.6 96.79 12.69 
64.0 -2.0 11.0 100.30 11.18 
65.2 -1.8 11.2 99.13 11.34 
65.3 -1.9 11.4 99.46 11.56 
63.4 -2.2 9.8 102.65 10.04 
64.5 -1.9 10.6 100.16 10.77 
63.8 -2.1 10.9 100.91 11.10 
65.4 -2.0 11.1 100.21 11.28 
66.3 -1.7 11.4 98.48 11. 53 
64.7 -1.7 11.5 98.41 11. 62 
64.9 -1.6 11.2 98.13 11.31 
64.7 -1.9 10.9 99.89 11. 06 
62.9 -1.9 9.8 100.97 9.98 
64.5 -1.9 10.7 100.07 10.87 
67.9 -1.5 12.7 96.74 12.79 
66.l -1.7 11.5 98.41 11.62 
63.5 -1.9 10.7 100.07 10.87 
67.2 -1.6 12.4 97.35 12.50 
66.8 -1.8 11.9 98.60 12.04 
64.4 -1.7 10.7 99.03 10.83 
63.8 -2.0 10.5 100.78 10.69 
64.7 -1.5 11.8 97.24 11.89 
65.1 -1.8 11.2 99.13 11. 34 
MINIMUM 96.74 9.98 
MAXIMUM 102.65 12.79 
MEAN 99.01 11.45 
STANDARD DEVIATION 1.38 0.68 
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Table 34 
CONCISE SEVEN DAY UV LIGHT 
L* a• b* h(ab)* C(ab)* 
60.8 -1.7 16.2 95.99 16.29 
62.7 -2.0 '16.2 97.04 16.29 
62.4 -1.8 16.4 96.26 16.52 
64.2 -1. 7 17.6 95.52 17.69 
63.5 -1.9 17.3 96.27 17.38 
62.6 -1.6 16.9 95.41 17.01 
61.8 -1.7 16.6 95.85 16.68 
60.8 -1.3 17.1 94.35 17.18 
61.1 -1.6 15.8 95.78 15.85 
62.2 -1.7 16.1 96.03 16.18 
62.0 -2.0 15.9 97.17 15.99 
60.6 -2.0 14.4 97.91 14.54 
61.4 -1.8 15.7 96.54 15.83 
60.8 -2.0 15.9 97.17 16.00 
62.3 -1.9 15.8 96.86 15.93 
63.0 -1.8 16.4 96.26 16.51 
62.1 -1.8 16.0 96.42 16.10 
61.8 -2.0 15.9 97.17 16.00 
61.2 -2.2 15.6 98.03 15.73 
60.1 -2.4 14.6 99.33 14.76 
61.3 -2.0 15.7 97.26 15.88 
64.6 -1.9 17.7 96.13 17.81 
63.0 -1.9 16.2 96.69 16.31 
60.8 -2.1 15.3 97.82 15.42 
63.8 -2.2 17.3 97.25 17.43 
63.2 -1.9 16.8 96.45 16.94 
62.0 -2.2 15.8 97.93 15.91 
61.2 -2.2 15.4 98.13 15.56 
61.9 -2.0 16.6 96.87 16.75 
62.7 -2.2 16.2 97.73 16.32 
MINIMUM 94.35 14.54 
MAXIMUM 99.33 17.81 
MEAN 96.79 16.29 
STANDARD DEVIATION 0.99 0.76 
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Table 35 
CONCISE 
SAMPLE L* L* a* a* 
MEAN STD. DEV. MEAN STD. DEV. 
INITIAL 66.577 1.379 -1.157 0.168 
DARK 1 DAY 66.610 1.388 -1.273 0.126 
UV 1 DAY 65.107 1.288 -1.777 0.181 
UV 7 DAYS 62.063 1.120 -1.917 0.231 
L* a* 
TUKEY P=.05 0.874 0.121 
TUKEY P=.01 1. 068 0.148 
SAMPLE b* b* DELTA E* DELTA E* 
MEAN STD. DEV. MEAN STD. DEV. 
INITIAL 7.417 0.702 58.483 1.289 
DARK 1 DAY 7.733 0.731 58.337 1.290 
UV 1 DAY 11. 303 0.722 58.663 1.190 
UV 7 DAYS 16.180 0.779 60.640 1.067 
b* DELTA E* 
TUKEY P=.05 0.494 0.816 
TUKEY P=.01 0.604 0.997 
SAMPLE h(ab)* h(ab)* C(ab)* C(ab)* 
MEAN STD. DEV. MEAN STD. DEV. 
INITIAL 99.000 1.880 7.510 0.670 
DARK 1 DAY 99.490 1.690 7.840 0.690 
UV 1 DAY 99.010 1.380 11.445 0.680 
UV 7 DAYS 96.790 0.990 16.290 0.760 
h(ab)* C(ab)* 
TUKEY P=.05 1.044 0.477 
TUKEY P=.01 1.275 0.583 
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Table 36 
CONCISE - INITIAL 
DOMINANT EXCITATION 
WAVELENGTH PURITY 
y x y ( nm ) ( % ) 
34.6 0.327 0.336 575.6 9.8 
37.5 0.324 0.334 570.3 10.1 
36.8 0.327 0.336 575.6 9.8 
39.9 0.328 0.337 575.6 10.4 
38.7 0.327 0.337 574.9 10.1 
37.5 0.326 0.336 574.6 9.5 
36.2 0.327 0.337 574.9 10.1 
34.6 0.330 0.339 575.9 11.2 
34.8 0.325 0.335 574.0 9.0 
36.4 0.326 0.335 575.4 9.2 
36.4 0.327 0.336 575.6 9.8 
33.5 0.322 0.332 573.3 7.4 
35.2 0.325 0.335 574.0 9.0 
34.3 0.324 0.334 570.3 10.1 
36.3 0.324 0.334 570.3 10.1 
37.7 0.325 0.335 574.0 9.0 
35.3 0.326 0.336 574.6 9.5 
35.8 0.326 0.336 574.6 9.5 
35.6 0.325 0.335 574.0 9.0 
33.2 0.323 0.333 573.4 7.9 
35.5 0.324 0.335 573.1 8.8 
40.1 0.329 0.338 575.6 10.9 
37.4 0.327 0.335 576.0 9.6 
33.6 0.325 0.334 575.1 8.7 
39.0 0.328 0.337 575.6 10.3 
38.5 0.327 0.336 575.6 9.8 
35.3 0.325 0.335 574.0 9.0 
34.3 0.324 0.334 570.3 10.1 
35.7 0.329 0.337 576.l 10.5 
36.5 0.325 0.334 575.1 8.7 
MAXIMUM 576.1 11.2 
MINIMUM 570.3 7.4 
MEAN 574.2 9.6 
STD. DEV. 1.7 0.8 
127 
Table 37 
CONCISE - 1 DAY DARKNESS 
DOMINANT EXCITATION 
WAVELENGTH PURITY 
y x y ( nm ) ( % ) 
34.6 0.328 0.337 575.6 10.3 
37.5 0.324 0.335 573.1 8.8 
36.8 0.327 0.337 574.4 10.1 
39.7 0.328 0.338 574.8 10.5 
38.5 0.328 0.338 574.8 10.5 
37.5 0.327 0.337 574.4 10.1 
36.2 0.328 0.338 574.8 10.5 
34.5 0.331 0.341 575.1 12.2 
34.7 0.325 0.336 573.9 9.4 
36.2 0.327 0.336 575.6 9.8 
36.4 0.327 0.337 574.4 10.1 
33.5 0.323 0.333 573.9 7.9 
35.2 0.325 0.335 574.5 9.0 
34.5 0.325 0.335 574.5 9.0 
36.3 0.325 0.335 574.5 9.0 
37.8 0.326 0.336 574.4 9.6 
35.4 0.327 0.337 574.4 10.1 
35.8 0.327 0.336 575.6 9.8 
35.5 0.326 0.336 574.4 9.6 
33.1 0.324 0.334 574.0 8.4 
35.5 0.325 0.335 574.5 9.0 
40.3 0.329 0.339 575.0 11.1 
37.6 0.327 0.337 574.4 10.1 
33.8 0.326 0.336 574.4 9.6 
39.3 0.329 0.338 575.8 10.9 
38.6 0.327 0.337 574.4 10.1 
35.4 0.326 0.336 574.4 9.6 
34.5 0.325 0.335 574.5 9.0 
35.9 0.329 0.338 575.8 10.9 
36.6 0.325 0.335 574.5 9.0 
MAXIMUM 575.8 12.2 
MINIMUM 573.1 7.9 
MEAN 574.6 9.8 
STD. DEV. 0.6 0.9 
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Table 38 
CONCISE - 1 DAY UV LIGHT 
DOMINANT· EXCITATION 
WAVELENGTH PURITY 
y x y ( nm ) ( % ) 
'32.7 0.335 0.347 574.2 15.1 
35.3 0.333 0.345 574.3 13.9 
34.7 0.335 0.347 574.2 15.1 
37.3 0.337 0.348 575.2 15.8 
36.4 0.336 0.348 574.9 15.4 
35.3 0.336 0.347 575.1 15.2 
34.1 0.336 0.348 574.9 15.4 
32.6 0.339 0.350 575.3 16.7 
32.9 0.334 0.346 574.5 14.4 
34.4 0.334 0.346 574.5 14.4 
34.5 0.335 0.347 574.2 15.1 
32.2 0.331 0.343 574.0 12.8 
33.5 0.333 0.345 574.3 13.9 
32.6 0.334 0.346 574.5 14.4 
34.7 0.334 0.346 574.5 14.4 
35.8 0.335 0.346 575.1 14.6 
33.8 0.336 0.347 575.1 15.2 
34.0 0.335 0.346 575.1 14.6 
33.8 0.334 0.346 574.5 14.4 
31.6 0.331 0.344 573.7 13.0 
33.5 0.333 0.345 574.3 13.9 
37.9 0.338 0.349 575.2 16.3 
35.5 0.335 0.346 575.1 14.6 
32.3 0.334 0.346 574.5 14.4 
37.0 0.337 0.348 575.2 15.8 
36.4 0.336 0.347 575.1 15.2 
33.4 0.334 0.345 575.0 14.1 
32.6 0.333 0.345 574.3 13.9 
33.7 0.337 0.348 575.2 15.8 
34.3 0.334 0.346 574.5 14.4 
MAXIMUM 575.3 16.7 
MINIMUM 573.7 12.8 
MEAN 574.7 14.7 
STD. DEV. 0.4 0.9 
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Table 39 
CONCISE - 7 DAY UV LIGHT 
DOMINANT EXCITATION 
WAVELENGTH PURITY 
y x y ( nm ) ( % ) 
29.2 0.349 0.361 575.8 22.3 
31.4 0.348 0.361 575.2 22.2 
31.0 0.349 0.361 575.8 22.3 
33.2 0.351 0.363 575.5 23.5 
32.3 0.350 0.363 575.5 23.3 
31.2 0.350 0.362 575.7 23.0 
30.3 0.350 0.362 575.7 23.0 
29.1 0.352 0.363 576.1 23.7 
29.5 0.348 0.360 575.6 22.0 
30.8 0.348 0.360 575.6 22.0 
30.6 0.348 0.360 575.6 22.0 
28.9 0.344 0.357 575.1 22.0 
29.8 0.347 0.360 575.2 21. 6 
29.1 0.348 0.361 575.2 22.2 
30.9 0.347 0.360 575.2 21. 6 
31.8 0.348 0.361 575.2 22.2 
30.6 0.348 0.360 575.6 22.0 
30.3 - 0.347 0.360 575.2 21. 6 
29.6 0.346 0.360 574.9 21.1 
28.3 0.344 0.358 574.8 20.3 
29.7 0.347 0.360 575.2 21. 6 
33.6 0.351 0.363 575.5 23.5 
31. 7 0.348 0.361 575.2 22.2 
29.1 0.346 0.359 575.1 21. 0 
32.7 0.350 0.363 575.5 23.3 
31.9 0.349 0.362 575.4 22.7 
30.5 0.347 0.360 575.2 21. 6 
29.6 0.346 0.360 574.9 21.1 
30.4 0.349 0.362 575.4 22.7 
31. 3 0.347 0.361 574.9 22.0 
MAXIMUM 576.1 23.7 
MINIMUM 574.8 20.3 
MEAN 575.4 22.2 
STD. DEV. 0.3 0.8 
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Table 40 
CONCISE 
TIME DELTA DELTA DELTA DELTA 
PERIODS E* L* C(ab)* H(ab)* 
INITIAL TO 0.338 -0.033 -0.330 0.065 
DARK 1 DAY 
INITIAL TO 4.201 1.470 -3.935 0.057 
UV 1 DAY 
INITIAL TO 9.887 4.514 -8.780 0.537 
UV 7 DAYS 
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y vs x 
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y vs x 
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Figure 13 
SILAR b* VS a* 
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SILAR CHROMATICITY 
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y vs x 
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y vs x 
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Figure 17 
y vs x 
SILAR - 1 DAY UV 
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y vs x 
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Figure 19 
CONCISE b* VS a* 
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Figure 20 
CONCISE CHROMATICITY 
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y vs x 
CONCISE - INITIAL 
• 
• • • 
• • 
• • • • 
• • 
• 
0.33+-~~---·~~~--~~--+~~~--~~--t--~~-i 
0.31 0.32 0.33 0.34 
x 
0.35 0.36 0.37 
...... 
Vt 
...... 
0.36 
0.35 
0.34 
• 
• 
• • 
• • 
• • • 
• • 
• 
Figure 22 
y vs x 
CONCISE - 1 DAY 
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Figure 23 
y vs x 
CONCISE - 1 DAY UV 
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Figure 24 
y vs x 
CONCISE - 7 DAY UV 
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PERCENTAGE OF INITIAL "L*" VALUE 
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